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CHAPTER  I 


INTRODUCTION 

Since  the  beginning  of  the  Vietnam  conflict,  there 
has  been  a  steady  shift  of  sentiment  away  from  defense 
spending  toward  spending  on  social  welfare  programs  causing 
a  shrinking  budget  for  the  Department  of  Defense  (DOD) 
(12i6l).  For  example,  in  1965,  the  defense  budget  accounted 
for  40.1  percent  of  all  federal  outlays  as  compared  to  23.5 
percent  in  1976  (16»370,  371).  From  1976  through  1978,  the 
defense  budget  remained  fairly  constant  at  around  24  percent 
of  all  federal  outlays  (I6137O,  371).  Expressed  in  constant 
1969  dollars,  defense  outlays  peaked  at  $83  billion  in 
fiscal  year  1968  and  then  fell  more  than  $30  billion  to  $51 
billion  in  1975  (I2i6l).  There  are  indications  that  this 
downward  trend  will  reverse.  For  example,  President  Carter 
has  stated  that  he  wants  a  3  percent  real  annual  growth  in 
the  defense  budget  through  1984  (4i26).  However,  defense 
spending  will  probably  be  under  the  close  scrutiny  of 
Congress  and  the  general  public  for  many  years  to  come. 

One  method  the  DOD  uses  to  operate  under  a  shrinking 
defense  budget  and  still  maintain  a  viable  defense  is  to 
close  down  operational  installations  and/or  deactivate 
operational  units  in  order  to  consolidate  resources.  One 
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such  action  occurred  in  1977  with  the  closure  of  Kincheloe 
AFB,  Michigan.  By  closing  Kincheloe,  the  449th  Bombardment 
Wing  and  its  supporting  organizations  were  deactivated.  The 
operational  resources  were  transferred  to  other  operating 
units  at  Ellsworth  AFB,  K.  I.  Sawyer  AFB,  and  the  Air  Force 
Reserve  (6iii).  The  main  reason  stated  for  this  action  was 
the  reduction  of  excess  basing  capacity  and  the  consequent 
reduction  in  support  personnel  thereby  conserving  resources 
while  maintaining  credible  combat  capability  ( 6 * ii ) . 

An  example  of  deactivating  an  operational  unit  while 
leaving  the  base  installation  open  occurred  at  Loring  AFB, 
Maine.  In  this  particular  case,  the  42d  Bombardment  Wing 
and  its  supporting  operational  and  maintenance  squadrons 
were  deactivated.  Once  again  the  operational  resources  were 
transferred  to  other  operational  units  and  the  Air  Force 
Reserve,  but  the  base  installation  remained  open  to  provide 
a  forward  operating  location  for  the  Air  Force  Reserve 
(5«5). 

This  particular  method  of  resource  conservation  was 
not  limited  to  the  Strategic  Air  Command  as  the  two  previous 
examples  may  suggest.  The  Air  Training  Command  used  the 
same  rationale  for  closing  Craig  AFB,  Webb  AFB,  Moody  AFB, 
and  Laredo  AFB  in  the  1970s.  For  example,  in  the  Secretary 
of  the  Air  Force  decision  to  close  Craig  AFB,  he  stated  that 
Craig’s  closure  "...  would  narrow  a  potential  difference 
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between  training  output  and  capacity  and  provide  potential 
manpower  and  dollar  cost  avoidances  of  about  1300  spaces  and 
$24  million  £?% Zj.m 


Statement  of  Problem 

The  DOD's  rationale  for  deactivating  operational 
units  and  closing  installations  due  to  excess  capacity  is 
based  on  the  principle  of  eliminating  the  fixed  costs  asso¬ 
ciated  with  the  closing  base  and/or  deactivated  unit,  and 
allocating  the  remaining  bases  and/or  units  fixed  costs  over 
a  larger  output.  This  rationale  for  resource  conservation 
is  valid  if  the  economic  principle  of  "economies  of  scale" 
exists.  In  other  words,  the  bases  and/or  units  that 
remained  open  would  have  to  be  operating  on  the  decreasing 
segment  of  their  long  run  average  cost  curve.  However,  it 
is  possible  that  the  DOD  could  actually  increase  their  costs 
per  unit  of  output  at  the  remaining  operational  installa¬ 
tions  and/or  units  after  a  consolidation  effort  due  to  the 
principle  of  "diseconomies  of  scale".  If  diseconomies  take 
effect,  the  DOD  would  be  wasting  resources  just  as  they  were 
in  the  instance  of  excess  capacity.  Ideally,  the  DOD  wants 
to  produce  its  output  (national  defense)  at  an  operating 
capacity  that  minimizes  the  cost  associated  with  a  certain 
level  of  output  or  alternatively,  maximize  the  output  asso¬ 
ciated  with  a  certain  level  of  cost.  To  accomplish  this, 
the  combination  of  units  engaged  in  producing  the  same 
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output  should  use  the  operating  capacity  that  produces  the 
desired  output  at  the  lowest  per  unit  costs.  Therefore,  the 
problem  for  the  DOD  is  to  know  whether  the  consolidation  of 
producing  facilities  will  result  in  increased  efficiency  by 
realizing  the  effects  of  economies  of  scale. 

A  review  of  available  literature  and  government 
reports  indicates  that  this  particular  problem  has  not  been 
addressed.  The  problem  needs  to  be  considered  because  if 
the  DOD  could  determine  with  a  greater  degree  of  certainty 
that  the  consolidation  of  production  resources  avoids  dis¬ 
economies,  the  DOD  could  operate  with  a  greater  degree  of 
efficiency.  To  examine  this  problem,  the  production  of 
undergraduate  pilots  within  the  Air  Force  will  be  studied. 
Pilot  production  was  chosen  because  of  the  writer’s  famili¬ 
arity  with  the  pilot  training  operation.  More  importantly, 
the  undergraduate  pilot  training  operation  produces  a  homo¬ 
geneous  output  over  a  wide  range  of  installations,  and  is  an 
example  of  a  production  effort  in  the  DOD  environment. 

QMss; tire 

The  objective  of  this  thesis  is  to  examine  the  fol¬ 
lowing  hypotheses i 

1.  Economies  of  scale  exist  in  the  production  of 
pilots  within  the  Air  Force. 

2.  The  consolidation  of  pilot  training  operations 
results  in  decreased  unit  costs  for  the  output  produced. 
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Scope 


This  study  will  concentrate  on  the  Air  Force's  pro¬ 
duction  of  undergraduate  pilots  from  FY  1968  through  FY 
1979.  The  years  1968  through  1979  were  chosen  because  the 
production  output  and  associated  cost  data  could  be 
obtained.  Also,  during  these  years  the  production  quota  for 
undergraduate  pilots  varied  substantially  resulting  in  the 
opening  and  closing  of  several  installations.  For  example* 
pilot  production  went  from  a  high  of  4322  in  FY  71  to  a  low 
of  1132  in  FY  79*  and  the  number  of  installations  went  from 
a  high  of  ten  in  FY  71  to  a  low  of  five  in  FY  78.  This 
variation  in  output  and  production  facilities  should  enhance 
the  study's  validity. 

This  study  will  consider  all  costs  which  are  rele¬ 
vant  to  the  training  of  an  undergraduate  pilot  in  determin¬ 
ing  whether  economies  and/or  diseconomies  exist  in  analyzing 
the  results  of  installation  closures  and/or  unit  deactiva¬ 
tions.  Cost  categories  will  be  discussed  in  Chapter  III. 
Because  political  and  environmental  factors  which  can  influ¬ 
ence  the  decision  on  a  base  closure  are  not  relevant  to  the 
scope  of  this  study*  they  will  not  be  addressed.  Also,  due 
to  the  dynamic  nature  of  the  pilot  training  operation,  there 
were  technological  changes  and  factor  input  price  changes 
which  made  cost  comparisons  difficult.  Where  possible. 
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adjustment  factors  to  account  for  these  variations  will  be 
applied  to  prevent  a  distortion  in  the  cost  data. 


Organisation  of  the  Study 
The  next  chapter  will  present  the  economic  theory 
and  principles  which  serve  as  the  basis  for  this  study. 
Included  in  the  chapter  is  a  discussion  of  what  causes 
economies  and  diseconomies  of  scale  to  occur  along  with  some 
industrial  examples.  Also,  the  concepts  of  an  organiza¬ 
tion's  cost  function  and  production  function  will  be  pre¬ 
sented  and  related  to  economies  and  diseconomies  of  scale. 

Chapter  III  will  cover  the  analytical  methods  used 
and  the  problems  associated  with  determination  of  an  organi¬ 
zation's  cost  function.  Also,  the  sources  of  relevant  cost 
data  and  how  the  data  was  accumulated  will  be  presented. 

The  remainder  of  the  chapter  will  cover  the  computer  method¬ 
ology  used  to  apply  the  cross-section  and  time -series 
regression  techniques  to  the  source  data. 

Chapter  IY  analyzes  the  data  and  regression  models 
used,  and  presents  the  results  from  the  cross-sectional  and 
time-series  regression  analyses.  The  results  are  then 
compared  to  the  study's  two  hypotheses. 

The  final  chapter  provides  a  summary  of  the  study 
along  with  any  conclusions  reached  through  the  analysis  and 
recommendations  for  further  study. 
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CHAPTER  II 


BACKGROUND 

This  chapter  presents  the  theory  behind  economies 
and  diseconomies  of  scale  as  well  as  some  relevant  indus¬ 
trial  examples.  Following  this,  there  will  be  a  discussion 
of  how  an  organization  can  use  either  its  production  func¬ 
tion  or  cost  function  to  determine  if  it  is  experiencing 
economies  or  diseconomies. 

The  theory  of  economies  and  diseconomies  of  scale 
and  plant  size  was  nearly  the  exclusive  province  of  economic 
theorists  until  the  late  1960s  ( 1 « 25 ) .  Following  its  emer¬ 
gence  in  the  industrial  sector,  it  seemed  as  though  all 
problems  in  the  society  could  be  solved  by  making  everything 
larger.  Thus,  the  phrase  "bigger  equals  better"  became  a 
driving  philosophy  (Ii26).  In  the  mid  1970s,  the  industrial 
sector  changed  its  philosophy  and  the  phrase  "small  is 
beautiful"  emerged  (Ii28).  This  change  in  philosophy 
resulted  from  the  realization  of  the  fact  that  the  principle 
of  economies  of  scale  does  not  occur  indefinitely.  As  the 
size  of  a  plant  and  scale  of  operations  increases  beyond  a 
certain  point  the  principle  of  diseconomies  takes  effect. 
What  causes  either  economies  or  diseconomies  of  scale  to 
exist  and  how  can  an  organization  determine  which  one  they 


are  experiencing?  The  remainder  of  this  chapter  attempts  to 
answer  this  question. 


Economies  of  Scale 

Economies  of  scale  and/or  plant  size  is  an  economic 
principle  which  states  that  as  the  size  of  a  plant  and  the 
3cale  of  operations  become  larger  the  unit  costs  of  produc¬ 
tion  decrease  (9«208).  Adam  Smith  presented  two  primary 
reasons  for  the  existence  of  economies  in  production  opera¬ 
tions!  the  specialization  and  division  of  labor  and  techno¬ 
logical  factors. 

The  specialization  and  division  of  labor  results  in 
economies  because  as  the  number  of  workers  within  a  plant 
increases  there  is  increased  opportunity  for  the  workers  to 
specialize  in  a  specific  skill  (9»209).  This  specialization 
results  in  improved  task  performance  and  minimum  time  loss 
due  to  the  changing  of  tools  (lli211f).  Specialization  also 
results  in  increased  production  due  to  the  learning  curve 
effect  ( 1 1 38 )  *  "the  learning  curve  effect  is  caused  by  the 
repetition  of  the  same  job  over  and  over.  As  each  job  is 
repeated,  the  laborer  builds  experience  and  the  effort 
required  per  unit  of  output  decreases.  This  results  in  an 
increase  in  the  output  produced  by  each  laborer. 

Technological  factors  can  result  in  economies 
because  as  a  plant  increases  in  size  there  is  increased 
opportunity  to  properly  integrate  production  equipment  in 
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order  to  achieve  maximum  output  thus  eliminating  idle  time. 
For  example,  suppose  there  are  two  types  of  machines 
required  to  manufacture  a  product.  The  one  type  produces 
the  product  and  the  other  packages  it.  If  a  producing 
machine  can  produce  thirty  thousand  units  per  day  and  a 
packaging  machine  can  package  forty-five  thousand  units  per 
day,  a  plant  will  have  to  use  three  producing  and  two  pack¬ 
aging  machines  and  manufacture  ninety  thousand  units  per  day 
in  order  to  fully  utilize  the  capacity  of  the  machines. 
Manufacturing  less  than  ninety  thousand  units  per  day  will 
result  in  either  one  type  of  machine  or  the  other  experi¬ 
encing  idle  time  ( 9  * 209 ) • 

Also,  as  a  plant  increases  in  size,  larger  machines 
are  usually  purchased  and  installed  which  result  in  econo¬ 
mies. 

For  example,  a  printing  press  that  can  run  200,000 
papers  per  day  does  not  cost  10  times  as  much  as  one 
that  can  run  20,000  per  day— nor  does  it  require  10 
times  as  much  building  space,  10  times  as  many  men  to 
work  it,  and  so  forth  /9i202/. 

This  particular  facet  of  technological  economies  is  some¬ 
times  referred  to  as  "economy  of  the  big  machine"  (I4t41). 

Another  facet  of  technological  economies  is  the 
"two-third3  rule"  (I4t41),  This  rule  is  somewhat  similar  to 
the  idea  of  "economy  of  the  big  machine".  The  principle 
behind  the  "two-thirds  rule"  is  that  the  capacity  of  a  con¬ 
tainer  increases  as  the  cube  of  its  dimensions  while  the 
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material  required  to  make  it  increases  only  as  the  square  of 
its  dimensions  (14»41).  For  example,  if  there  is  a  storage 
container  in  the  shape  of  a  cube  that  is  ten  feet  wide,  ten 
feet  high,  and  ten  feet  deep,  it  will  have  a  capacity  of  one 
thousand  cubic  feet  and  will  require  six  hundred  square  feet 
of  material  to  make.  If  the  dimensions  of  the  container  are 
doubled  (twenty  feet  wide,  twenty  feet  high,  and  twenty  feet 
deep),  it  will  have  a  capacity  of  eight  thousand  cubic  feet 
and  require  twenty-four  hundred  square  feet  of  material  to 
make.  In  other  words,  by  doubling  the  size  of  the  container 
the  capacity  has  increased  by  a  factor  of  eight  while  the 
material  required  to  make  it  has  only  increased  by  a  factor 
of  four  resulting  in  a  lower  cost  per  cubic  foot  of  capacity. 

Another  theory  regarding  economies  of  scale,  pre¬ 
sented  by  Schmenner  ( 13  *  100-104),  states  that  scale  econo¬ 
mies  can  be  divided  into  three  different  economies!  econo¬ 
mies  of  volume,  economies  of  capacity,  and  economies  of 
process  technology. 

Economies  of  volume  result  from  a  production  facil¬ 
ity  producing  a  larger  number  of  output  units.  This  higher 
volume  of  production  causes  the  fixed  costs  associated  with 
the  production  facility  to  be  allocated  to  a  larger  number 
of  units  and  therefore  unit  costs  are  reduced.  For  example, 
if  a  production  facility  has  fixed  costs  of  one  million  dol¬ 
lars  and  produces  500,000  units  of  output,  the  fixed  cost 
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per  unit  of  output  will  be  $2.00.  However,  if  production  is 
increased  to  one  million  units,  the  fixed  cost  per  unit  of 
output  will  be  reduced  to  $1.00. 

Economies  of  capacity  are  primarily  due  to  a  larger 
plant's  ability  to  carry  less  inventory  and  have  more  spare 
equipment  and  maintenance  capability.  A  larger  capacity 
plant  can  carry  less  raw  materials  inventory  "due  to  the 
familiar  'economic  order  quantity*  result  that  optimal 
inventories  need  increase  only  as  the  square  root  of  volume 
and  not  proportionately  with  the  volume  /I3il0l/. "  Also, 
the  finished  goods  inventory  of  the  larger  plant  will  be 
proportionately  lower  than  a  smaller  plant  because  the 
larger  plant  will  have  the  production  capability  to  engage 
in  the  output  of  more  than  one  product  at  the  same  time. 
Whereas,  the  smaller  plant  would  have  to  build  up  a  sizeable 
inventory  to  satisfy  the  demand  for  a  product  while  the 
plant  changed  its  production  operation  around  to  produce  a 
different  product.  Additionally,  the  larger  capacity  plant 
has  more  spare  equipment  available  and  maintenance  capabil¬ 
ity  than  the  smaller  capacity  plant.  For  instance,  the 
larger  plant  will  be  able  to  sustain  operations  if  a  piece 
of  equipment  breaks  by  substituting  a  piece  of  idle  equip¬ 
ment  or  opening  an  idle  production  line  while  the  broken 
piece  of  equipment  is  repaired.  A  smaller  plant  with 
limited  production  capacity  does  not  have  this  luxury. 
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Economies  of  process  technology  are  due  to  increased 


automation  and  the  specialization  of  labor.  An  automated 
plant  substitutes  capital  for  labor  which  usually  results  in 
lower  labor  costs  and  increased  output.  The  specialization 
of  labor  creates  economies  because  of  increased  productivity 
through  repetition  and  specialized  competence  as  previously 
discussed. 

Although  Schmenner  divides  economies  of  scale  into 
three  separate  economies,  the  underlying  reasons  for  econo¬ 
mies  of  volume,  capacity,  and  process  technology  relate  to 
either  specialization  and  division  of  labor  or  technological 
factors  as  described  by  Adam  Smith. 

One  additional  factor  relative  to  economies  of  plant 
size  is  pecuniary  economies  (8i212).  Pecuniary  economies 
are  a  direct  result  of  the  absolute  size  of  the  firm. 

Larger  firms  are  able  to  get  discounts  for  bulk  purchases  of 
raw  materials  which  translate  into  reduced  costs  for  the 
production  of  an  output.  Also,  larger  firms  operating  more 
than  one  plant  are  able  to  spread  under-utilized  fixed  cost 
expenditures  such  as  managerial  talent,  computer  rental,  and 
advertising  over  a  wider  range  of  output.  Once  again,  this 
translates  into  reduced  costs  for  the  production  of  a  spec¬ 
ified  output. 
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Diseconomies  of  Scale 

From  the  previous  section,  it  appears  that  by  get¬ 
ting  larger  and  larger  a  production  facility  will  continue 
to  realize  economies  and  produce  its  product  at  a  decreasing 
cost  indefinitely.  However,  there  is  a  point  in  the  size  of 
a  firm  where  diseconomies  take  effect.  Simply  stated,  dis¬ 
economies  occur  when  the  increase  in  the  size  of  plant  and 
scale  of  operations  results  in  increased  cost  per  unit  of 
output  (11 >216). 

The  main  reasons  for  the  occurrence  of  diseconomies 
are  the  limitations  on  managerial  ability  and  the  difficulty 
in  getting  accurate  information  to  the  decision  makers. 

As  the  scale  of  plant  expands  beyond  a  certain 
point,  top  management  necessarily  has  to  delegate 
responsibility  and  authority  to  lower  echelon  employees. 
Contact  with  the  daily  routine  of  operation  tends  to  be 
lost  and  efficiency  of  operation  to  decline.  Red  tape 
and  paperwork  expand;  management  is  generally  not  as 
efficient  /9«210/. 

Because  different  managers  have  different  abilities  and  some 
organizations  are  more  efficient  at  processing  information 
than  others,  the  point  at  which  diseconomies  take  effect  is 
often  difficult  to  determine  and  varies  from  organization  to 
organization.  However,  the  fact  remains  that  for  all  organ¬ 
izations  engaged  in  production  there  is  a  point  in  size 
where  diseconomies  begin. 
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or  Diseconomies 


Realizing  the  fact  that  all  organizations  engaged  in 
the  production  of  an  output  encounter  either  economies  or 
diseconomies,  the  next  logical  step  is  to  determine  which 
one  they  are  experiencing.  To  determine  this,  an  organiza¬ 
tion  can  use  either  their  production  function  or  their  cost 
function.  Economies  or  diseconomies  of  scale  are  determined 
through  increasing  or  decreasing  returns  to  scale  in  a  pro¬ 
duction  analysis  or  the  behavior  of  the  long  run  average 
cost  curve  in  a  cost  analysis. 

Before  examining  the  theory  and  mechanics  of  the 
production  and  cost  functions,  two  other  terms,  "short  run" 
and  "long  run",  need  to  be  defined.  The  short  run  refers  to 
a  period  of  time  in  which  some  of  the  inputs  required  for 
the  production  of  an  output  are  variable  while  other  inputs 
are  fixed.  For  example,  variable  inputs  generally  include 
labor  and  materials  which  vary  with  the  output  produced,  and 
fixed  inputs  generally  include  the  land,  buildings,  and 
machinery  which  do  not  vary  with  the  output.  The  long  run 
refers  to  that  point  in  time  where  none  of  the  inputs 
required  for  the  production  of  an  output  are  fixed  (i.e., 
all  inputs  are  variable).  The  fixed  inputs  in  the  short  run 
(e.g.,  land,  buildings,  and  machinery)  could  be  changed  to 
meet  changing  demands  for  the  output.  With  these  two  terms 


in  mind,  the  discussion  now  turns  to  an  organization's  pro¬ 
duction  function. 


Production  Analysis 

In  broad  economic  terms  production  in  an  organiza¬ 
tion  can  be  defined 

...  as  the  transformation  of  resources  into  prod¬ 
ucts,  or  the  process  whereby  inputs  are  turned  into 
outputs.  The  efficiency  of  this  process  usually  depends 
upon  the  proportions  in  which  the  various  inputs  are 
employed,  the  absolute  level  of  each  input,  and  the 
productivity  of  each  input  at  each  input  level  and 
ratio.  Since  inputs  are  generally  not  free  but  have 
a  cost  attached,  the  degree  of  efficiency  in  production 
translates  into  a  level  of  cost  per  unit  of  output 
/8.19Q 7. 

The  process  whereby  inputs  are  turned  into  outputs  can  be 
technically  specified  for  each  production  facility  through 
the  use  of  a  production  function.  In  general  mathematical 
form,  the  production  function  can  be  described  as 


Q  =  f(K,L)  (1) 


where  Q  is  the  quantity  of  output,  f  represents  the  func¬ 
tional  relationship  existing  between  inputs  and  output,  K 
represents  the  input  level  of  capital,  and  L  represents  the 
input  level  of  labor  (8«19l).  In  this  particular  relation¬ 
ship,  K  represents  all  inputs  of  capital  (e.g.,  land,  equip¬ 
ment,  machinery)  and  L  represents  all  inputs  of  labor  (e.g., 
a  worker's  time,  raw  materials,  fuel,  and  other  variable 
inputs).  From  this  general  relationship,  each  organization 


can  express  its  own  specific  form  of  the  functional  rela¬ 
tionship  in  a  mathematical  equation  which  best  expresses  the 
actual  relationship  between  its  inputs  and  outputs.  This 
mathematical  expression  depends  upon  the  state  of  technology 
faced  by  the  organization  or  what  is  called  the  productivity 
of  the  input  factors  at  various  levels  of  all  inputs 
( 8 * 191 ) •  By  substituting  different  values  for  labor  (L)  and 
capital  (K)  in  the  functional  relationship  the  output  quan¬ 
tity  (Q)  can  be  determined.  The  plotting  of  the  different 
values  of  L  and  K  and  their  associated  Q  results  in  a  three- 
dimensional  graph  represented  by  Figure  1.  This  graph  is 
called  the  output  hill  or  production  surface. 


Fig.  1.  Production  Surface  (8*193) 
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By  slicing  the  graph  of  the  output  hill  for  a  particular 
production  function  through  different  planes  and  observing 
the  shapes  of  the  resultant  line  formed  by  the  production 
surface,  a  number  of  important  concepts  related  to  produc¬ 
tion  can  be  demonstrated. 

For  instance,  by  slicing  the  graph  for  the  output 
hill  using  a  ray  drawn  from  the  origin  along  the  base  indi¬ 
cates  a  constant  ratio  of  capital  to  labor  (K/L)  as  shown  in 
Figure  2. 


Fig.  2.  Returns  to  Scale  (8  *  197 ) 


The  top  line  of  the  plane  formed  can  be  used  to  determine  an 
organization's  returns  to  scale  for  a  particular  ratio  of 
capital  to  labor  (K/L).  In  other  words,  the  ratio  of  (K/L) 
equals  a  constant  and  by  increasing  the  units  of  capital  (K) 
employed,  the  units  of  labor  (L)  will  also  increase  to  main¬ 
tain  the  same  value  for  (K/L)*  A  two-dimensional  plot  of 
this  plane  forms  a  total  product  curve  as  shown  in  Figure  3* 


Fig.  3.  Returns  to  Scale  with  Constant  (K/L)  Ratio 

This  curve  indicates  whether  increasing  the  scale  of  opera¬ 
tions  (increased  units  of  K  employed)  using  a  constant  ratio 
of  capital  to  labor  will  result  in  increasing,  constant,  or 
decreasing  returns  to  scale.  The  production  of  an  output 
using  capital  up  to  units  results  in  increasing  returns 
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to  scale.  Producing  in  the  range  to  K2  units  of  capital 
results  in  constant  returns  to  scale,  and  producing  in  the 
range  above  Kg  units  of  capital  results  in  decreasing 
returns  to  scale.  Such  a  chart  for  various  (K/L)  ratios  can 
be  determined  provided  an  organization’s  production  function 
is  known.  Thus,  an  organization  can  determine  whether  it  is 
producing  in  the  range  of  increasing,  constant,  or  decreas¬ 
ing  returns  to  scale. 

There  is  another  method  an  organization  can  use  to 
determine  its  returns  to  scale  knowing  its  production  func¬ 
tion.  If  an  organization  increases  its  scale  of  operations 
while  holding  its  factor  proportion  of  capital  to  labor 
constant,  it  can  determine  whether  its  output  occurs  in  an 
area  of  increasing,  constant,  or  decreasing  returns  to  scale 
by  observing  the  percentage  change  in  output  as  compared  to 
the  percentage  change  in  inputs.  If  the  percentage  change 
in  output  is  greater  than  the  percentage  change  in  input, 
the  organization  is  experiencing  increasing  returns  to  scale. 
Similarly,  if  the  observed  percentage  change  in  output  is 
equal  to  the  percentage  change  in  input,  the  organization  is 
experiencing  constant  returns  to  scale.  Finally,  if  the 
percentage  change  in  output  is  less  than  the  percentage 
change  in  input,  the  organization  is  experiencing  decreasing 
returns  to  scale. 


Cost  Analysis 

Production  efficiency  can  also  be  determined  through 
a  cost  analysis  as  well  as  a  production  analysis.  Since  the 
inputs  to  production  are  not  free,  the  input  costs  can  be 
applied  to  all  levels  of  factor  inputs  and  the  cost  levels 
for  all  levels  of  output  can  be  determined.  Production  and 
costs  are  thus  intimately  related.  The  first  step  in  deter¬ 
mining  whether  economies  or  diseconomies  exist  in  an  organ¬ 
ization  using  the  cost  analysis  technique  is  for  the  organ¬ 
ization  to  determine  its  relevant  cost  relationships.  These 
cost  relationships  are  expressed  as  a  function  of  the  output 
produced  or  expressed  mathematically 

C  =  f (Q )  (2) 

where  C  represents  either  total  costs  in  dollars  or  costs 
per  unit  of  output  in  dollars  per  unit,  f  represents  the 
functional  relationship  existing  between  costs  and  output, 
and  Q  is  the  quantity  of  output. 

The  primary  cost  relationship  of  interest  to  deter¬ 
mine  whether  economies  or  diseconomies  of  scale  exist  is  the 
long  run  average  cost  curve  (LAC).  This  curve  is  determined 
by  developing  the  envelope  curve  to  an  infinite  number  of 
short  run  average  cost  (SAC)  curves. 

To  determine  a  SAC  curve,  a  plant  first  has  to  deter¬ 
mine  its  total  variable  cost  (TVC)  curve  as  a  function  of 
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the  output  produced.  A  TVC  curve  is  derived  from  the  total 
product  curve  by  multiplying  the  level  of  variable  inputs  by 
the  cost  per  unit  of  those  inputs  and  plotting  the  resultant 
cost  data  against  the  output  level.  Since  the  TVC  curve  is 
derived  directly  from  the  total  product  (TP)  curve,  the  TVC 
curve  is  related  to  the  production  function  and  the  number 
of  units  of  fixed  factor  employed  in  determining  a  particu¬ 
lar  TP  curve.  Once  the  TVC  curve  is  determined,  the  average 
variable  cost  (AVC)  curve  can  be  constructed  by  dividing  the 
total  variable  costs  by  the  quantity  of  output  produced  at 
all  output  levels.  By  adding  the  total  fixed  costs  (TFC)  to 
the  TVC  at  each  level  of  output,  the  total  cost  (TC)  curve 
is  obtained.  Once  the  total  cost  curve  is  determined,  the 
SAC  curve  is  constructed  by  dividing  the  total  costs  by  the 
number  of  output  units  produced.  Figure  4  shows  the  result¬ 
ant  AVC  and  SAC  curves  of  a  hypothetical  production  opera¬ 
tion  at  a  specific  level  of  fixed  factor  inputs. 

The  decrease  in  the  average  cost  per  unit  up  to  Q1 
units  of  output  is  caused  by  an  increase  in  the  marginal 
productivity  of  the  variable  factor  inputs  and  a  decrease  in 
the  allocable  fixed  costs  for  each  additional  unit  of  out¬ 
put.  The  increase  in  the  average  cost  per  unit  at  output 
levels  above  is  caused  by  the  variable  costs  of  produc¬ 
tion  increasing  at  a  faster  rate  than  the  allocable  fixed 
costs  per  unit  are  decreasing. 
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Output  Units  (Q) 

Pig.  4.  Short  Run  Average  Cost  Curves 

The  same  procedure  is  used  to  find  the  SAC  curve 
that  relates  to  every  level  of  fixed  factors.  From  each 
level  of  capital  (fixed  factor  input)  a  total  product  curve 
can  be  determined,  from  which  the  TVC  curve  and  ultimately 
the  SAC  curve  is  determined.  Following  this  procedure  for 
each  level  of  fixed  factor  would  result  in  a  series  of  SAC 
curves,  each  with  a  larger  level  of  capital  input  as  the 
output  level  increases  from  a  minimum  to  a  maximum  (8«208). 
There  can  be  an  infinite  number  of  these  SAC  curves.  The 
"envelope  curve"  formed  by  these  SAC  curves  is  the  LAC  curve 
as  shown  in  Figure  5.  This  figure  indicates  that  the  LAC 
curve 

...  is  made  up  of  the  points  on  the  various  SAC 
curves  that  allow  each  output  level  to  be  produced  at 


22 


the  lowest  possible  cost  when  the  firm  is  free  to  vary 
the  input  of  all  resources  /S«208/. 


Output  Units  (Q) 

Pig.  5.  Long  Run  Average  Cost  Curve 

The  LAC  curve  in  Pigure  5  also  implies  lower  and  lower  aver¬ 
age  costs  until  the  "optimum"  scale  of  plant  shown  by  3AC^ 
is  reached,  and  thereafter  successively  higher  average  costs 
as  the  plant  size  increases.  This  phenomenon  of  first 
decreasing  and  then  increasing  LAC  values  indicates  the 
existence  of  economies  and  then  diseconomies  of  scale.  As 
discussed  previously,  economies  occur  because  larger  output 
plants  can  use  more  efficient  capital  intensive  methods  of 
production  and  allow  for  increased  specialization  and  divi¬ 
sion  of  labor,  and  the  diseconomies  result  from  the 
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increasing  bureaucracy  and  management  problems  associated 
with  large  scale  plants. 

At  this  point,  it  is  important  to  point  out  that 
most  organizations  in  the  real  world  will  not  exhibit  the 
perfectly  formed  curves  for  production  and  cost  relation¬ 
ships  that  have  been  presented.  In  many  instances  the  LAC 
curve  is  L-shaped.  However,  the  theory  is  sound  and  empiri¬ 
cal  observations  support  the  underlying  theory  (8:195).  For 
example,  a  study  done  by  Vinod  K.  Gupta  of  twenty-nine 
manufacturing  industries  showed  that 

...  in  18  of  the  industries  studied,  the  long  run 
average  cost  curve  is  L-shaped,  in  5  it  is  U-shaped  and 
the  remaining  ones  are  linear.  The  observation  that  so 
many  are  L-shaped  does  not  necessarily  refute  the  theory 
of  a  U-shaped  long  run  average  cost.  It  may  well  be 
that  the  scale  of  output  at  which  costs  would  turn  up 
had  not  been  reached  /l7 i27l7 ’. 

Also,  Wilson  and  Darr  (17:2?3)  stated  that,  "There  is  no 
large  body  of  data  which  convincingly  contradicts  the 
hypothesis  of  a  U-shaped  long-run  cost  curve  and  the  fruit¬ 
ful  results  which  depend  on  it.” 

Thus,  an  organization  can  determine  whether  it  is 
producing  its  output  in  a  range  where  economies  or  disecono¬ 
mies  occur  through  either  an  analysis  of  its  particular  pro¬ 
duction  function  or  cost  relationships.  Either  method  is 
acceptable  because  the  cost  relationships  depend  on  the 
organization's  underlying  production  function  and  vice 
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versa.  Evan  J.  Douglas  (8i2l3)  sums  up  this  interrelated¬ 
ness  as  follows t 

The  shape  of  the  long-run  average  cost  curve 
depends  upon  the  various  short-run  average  cost  curves. 
The  shapes  of  the  short-run  cost  curves  in  turn  depend 
on  the  total  product  curves.  The  shapes  of  the  total 
product  curves  depend  upon  the  production  surface.  This 
in  turn  depends  on  the  specific  or  mathematical  form  of 
the  production  function.  Thus  the  U-shaped  short-run 
cost  curves  are  the  result  of  variable  proportions,  and 
the  shape  of  the  long-run  average  cost  curve  is  due  to 
economies  and  diseconomies  of  plant  size.  All  of  this 
is  involved  in  the  underlying  production  surface.  When¬ 
ever  we  draw  a  particular  set  of  cost  curves,  we  there¬ 
fore  implicitly  presume  the  shape  of  the  underlying 
production  surface.  Similarly,  whenever  a  production 
function  is  specified,  the  shape  and  position  of  the 
cost  curves  is  simultaneously  implied. 


Summary 

The  first  section  of  this  chapter  presented  the 
economic  theory  of  economies  and  diseconomies  of  scale. 
Economies  and  diseconomies  of  scale  are  primarily  due  to 
production  efficiencies  and  inefficiencies  caused  by 
increasing  and  decreasing  returns  to  the  variable  factors  of 
production.  Also,  economies  are  caused  by  the  specializa¬ 
tion  and  division  of  labor  and  technological  factors,  and 
diseconomies  are  caused  by  limitations  on  managerial  ability 
and  information  flow. 

The  next  section  discussed  how  an  organization 
determines  whether  it  is  experiencing  economies  or  disecono¬ 
mies  through  either  an  analysis  of  its  production  function 
or  cost  relationships.  The  production  function  expresses 
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the  relationship  between  the  input  factors  of  capital  and 
labor  to  the  output  produced.  Once  an  organization's  pro¬ 
duction  function  is  known,  a  graph  of  the  production  surface 
or  output  hill  can  be  constructed.  By  slicing  the  produc¬ 
tion  surface  along  a  constant  capital  to  labor  ratio  and 
plotting  the  resultant  total  product  curve  in  a  two- 
dimensional  graph,  an  organization  can  determine  whether  it 
is  experiencing  increasing,  constant,  or  decreasing  returns 
to  scale.  Additionally,  the  production  function  itself  (if 
known)  can  be  used  to  determine  whether  increasing,  constant, 
or  decreasing  returns  to  scale  exist. 

Economies  and  diseconomies  can  also  be  determined 
through  the  use  of  an  organization's  cost  relationships 
which  are  directly  related  to  the  production  function.  Cnee 
the  total  variable  cost  curve  is  derived  from  an  organiza¬ 
tion's  total  product  curve,  the  average  variable  cost  curve 
can  be  determined.  By  adding  in  the  total  fixed  cost  values 
for  all  levels  of  output,  the  short  run  average  cost  curve 
can  be  derived.  The  characteristic  U-shape  of  this  curve 
results  from  the  increasing  and  decreasing  average  produc¬ 
tivities  associated  with  the  variable  factors  of  production 
and  the  decreasing  average  fixed  costs  as  the  level  of  out¬ 
put  increases.  The  primary  cost  curve  of  interest  for 
determining  the  existence  of  economies  or  diseconomies  of 
scale  is  the  long  run  average  cost  curve.  This  curve  is 
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derived  by  developing  the  envelope  curve  that  is  just  tan¬ 
gent  to  an  infinite  number  of  short  run  average  cost  curves 
for  various  sizes  of  plants  at  a  particular  point  in  time. 
Once  the  long  run  average  cost  curve  is  determined,  the 
organization  can  determine  whether  its  scale  of  plant  is  in 
the  region  of  economies  or  diseconomies  of  scale. 

The  next  chapter  will  use  this  theoretical  back¬ 
ground  in  developing  the  methodology  used  to  determine 
whether  economies  or  diseconomies  exist  in  the  undergraduate 
pilot  training  environment. 
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CHAPTER  III 


METHODOLOGY 

This  chapter  presents  the  source  data  and  method  of 
analysis  for  studying  whether  economies  or  diseconomies 
exist  in  the  production  of  undergraduate  pilots.  The  first 
section  discusses  the  methods  an  organization  can  use  to 
determine  its  cost  relationships  based  on  empirical  evi¬ 
dence.  The  next  section  discusses  the  type  of  data  required 
for  this  study,  where  it  was  obtained,  and  how  it  was  accu¬ 
mulated.  The  third  section  discusses  how  the  total  training 
costs  were  determined  and  the  final  section  covers  the  com¬ 
puter  methodology  for  applying  the  regression  technique. 

Determination  of  Cost  Relationships 
The  previous  chapter  discussed  how  am  organization 
engaged  in  production  can  determine  whether  economies  or 
diseconomies  exist  using  either  the  organization's  produc¬ 
tion  function  or  cost  relationships.  Cristensen  and  Green 
(3*658)  found  that  the  best  way  to  study  the  structure  of 
production  in  an  organization  depended  upon  whether  the  out¬ 
put  level  is  determined  internally  or  externally.  They 
determined  that  if  the  output  level  is  determined  inter¬ 
nally,  then  the  best  method  for  study  was  through  the 
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organization's  production  function;  and  if  the  output  level 
is  determined  externally,  then  the  best  method  for  study  was 
through  the  cost  relationships.  Since  this  study  examines 
the  production  of  undergraduate  pilots  where  the  producing 
facilities  receive  their  output  quota  externally,  three 
methods  for  determining  an  organization's  long  run  cost 
relationships  will  be  discussed.  The  three  methods  pre¬ 
sented  by  Douglas  (8;25^.  262-268)  are  the  survivor  princi¬ 
ple,  engineering  technique,  and  regression  analysis. 

The  survivor  principle  method,  devaloped  by  George 
Stigler  (15*5^-71).  is  based  on  the  assumption  that  the  more 
efficient  firms  will  tend  to  survive  and  increase  their 
market  share  while  the  less  efficient  firms  will  tend  to 
become  less  important  as  time  passes.  Stigler* s  procedure 
is 

...  to  classify  the  firms  in  an  industry  into  size 
classes  and  calculate  the  share  of  the  total  industry 
output  coming  from  each  class  over  time.  If  the  share 
of  a  particular  class  declines  over  time,  the  inference 
is  made  that  the  size  of  the  firm  is  relatively  ineffi¬ 
cient  and  is  therefore  smaller  or  larger  than  the 
optimal  scale  of  plant  /8«265/. 

The  size  categories  that  maintain  or  increase  their  market 

share  over  time  are  considered  to  be  efficient  and  therefore 

likely  to  have  lower  per  unit  costs.  There  are  certain 

problems  that  arise  when  using  this  method  to  infer  the 

shape  of  the  long  run  cost  curve.  For  instance,  a  firm 

could  suffer  a  decrease  in  market  share  for  reasons  other 

than  production  inefficiency  such  as  poor  management. 


adverse  publicity,  or  low  labor  productivity.  If  these 
reasons  are  systematically  related  to  the  size  of  a  firm, 
the  survivor  principle  would  indicate  a  cost  difference 
between  different  sized  firms.  On  the  other  hand,  these 
cost  differences  may  be  due  to  other  problems  of  a  temporary 
nature.  However,  if  the  data  base  is  sufficiently  large, 
the  influence  of  these  random  or  temporary  factors  should 
cancel  and  a  clear  tendency  can  be  ascertained  as  to  whether 
the  market  shares  are  increasing,  constant,  or  decreasing 
for  a  particular  sized  firm. 

The  engineering  technique  for  the  determination  of 
long  run  average  cost  is  an  extension  of  the  engineering 
technique  used  to  determine  the  short  run  costs.  This 
method  consists  of  developing  the  physical  production  func¬ 
tion  between  the  inputs  and  outputs  of  a  production  process 
for  a  particular  plant  size  and  attaching  the  cost  values  to 
the  inputs  in  order  to  obtain  the  total  variable  costs  for 
each  output  level.  From  the  total  variable  costs  the  aver¬ 
age  variable  costs  can  be  determined.  The  average  fixed 
costs  for  each  level  of  output  are  added  to  the  average 
variable  costs  to  obtain  the  short  run  average  costs  (SAC) 
for  a  particular  size  of  plant.  The  same  technique  would  be 
used  to  determine  the  short  run  average  costs  for  various 
plant  sizes  at  different  output  levels.  Plotting  the 
results  on  a  graph  of  "cost  per  unit"  versus  "level  of 


output"  would  result  in  a  graph  similar  to  Figure  6  where 
the  asterisks  (*)  represent  the  different  values  at  differ¬ 
ent  outputs  for  the  various  size  plants  represented  by  SAC^, 
SAC2#  etc. 


Fig.  6.  LAC  By  Engineering  Technique  ( 8 » 267 ) 

The  long  run  average  cost  (LAC)  curve  is  then  determined  by 
drawing  the  envelope  curve  which  is  tangent  to  all  of  the 
short  run  average  cost  curves.  The  problem  with  this  method 
is  that  it  is  slow  and  tedious  because  the  input  relation¬ 
ships  and  factor  prices  must  be  determined  through  testing 
and  observation.  Also,  the  long  run  average  cost  curve 
determined  by  this  method  is  predicated  upon  the  fact  that 
factor  productivity  and  factor  prices  are  at  similar  levels 
in  each  of  the  available  plant  sizes.  Additionally,  the 
factor  prices  and  productivities  depicted  by  this  analysis 
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are  applicable  only  as  long  as  the  variables  do  not  change. 
If  these  variables  change,  then  new  short  run  average  cost 
curves  and  the  resultant  long  run  average  cost  curve  must  be 
determined. 

The  final  method  for  determining  the  average  cost 
relationships  is  regression  analysis.  Regression  analysis 
can  be  performed  on  either  a  cross-section  or  time-series 
basis.  The  cross-section  method  uses  cost/output  observa¬ 
tions  from  various  plants  at  a  particular  point  in  time 
(cross-section  data),  and  the  time-series  method  uses  cost/ 
output  observations  from  the  same  plant  over  a  number  of 
time  periods  (time-series  data).  The  regression  analysis 
method  is  probably  the  most  widely  used  because  it  is  easy 
to  apply  through  the  use  of  established  computer  programs 
(17*268 ) . 

There  are  three  problems  associated  with  the  cross- 
section  method.  First  of  all,  care  must  be  taken  to  avoid 
errors  of  measurement  relating  the  actual  level  of  output  to 
the  total  costs  associated  with  producing  that  output.  Sec¬ 
ondly,  the  observations  collected  may  not  be  points  on  the 
long  run  average  cost  curve  at  all.  For  instance,  suppose 
there  are  five  plants  with  the  short  run  average  cost  curves 
(AC^ ,  AC2,  AC^t  etc.)  depicted  in  Figure  7.  The  asterisks 
(*)  indicate  the  observed  output  average  cost  pair  for  each 
of  the  five  plants.  Using  the  regression  technique  would 
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Fig.  7.  LAC  By  Cross-Section  Regression  (81265) 

result  in  the  estimated  LAC  curve  depicted  in  Figure  7.  The 
figure  indicates  that  the  estimated  LAC  curve  is  different 
from  the  actual  LAC  curve  because  the  observed  points  were 
not  at  the  point  of  tangency  between  the  AC  curves  and  the 
actual  LAC  curve.  Since  each  firm  will  probably  not  be 
operating  at  this  point  of  tangency,  the  regression  analysis 
technique  of  cross-section  data  is  likely  to  produce  a 
slightly  misleading  picture  of  the  actual  economies  and/or 
diseconomies  of  plant  size  {81263).  Thirdly,  the  various 
plants  may  not  be  operating  with  the  benefit  of  the  same 
factor  prices  and/or  factor  productivities.  This  is  prima¬ 
rily  due  to  the  plants  operating  in  different  geographical, 
political,  and  socioeconomic  environments.  If  these  differ¬ 
ences  are  not  removed  from  the  data,  the  resultant  LAC 
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curve  may  obscure  the  existence  of  economies  and/or  disecon¬ 
omies. 


There  are  two  problems  associated  with  the  time- 
series  method.  First  of  all,  because  this  method  uses  time- 
series  data  (data  collected  over  a  number  of  time  periods), 
it  is  subject  to  the  standard  problems  of  such  data  such  as 
changing  factor  prices  due  to  inflation  or  market  forces, 
and  changing  factor  productivities  due  to  changing  technol¬ 
ogy  and  worker  efficiency.  Secondly,  the  time-series  method 
is  subject  to  the  problems  of  measurement  error  such  as 
matching  all  costs  associated  with  the  production  of  a  cer¬ 
tain  output.  To  minimize  the  measurement  error,  the  cost/ 
output  observations  should  satisfy  the  following  conditions 
(10«26)« 

1.  The  basic  time  period  for  each  pair  of  observa¬ 
tions  should  be  one  where  the  output  is  achieved  by  a  uni¬ 
form  rate  of  production  within  the  time  period. 

2.  The  cost  and  output  figures  should  be  properly 
paired  (cost  figure  directly  associated  with  output  figure). 

3.  There  should  be  a  wide  spread  of  output  observa¬ 
tions  so  that  cost  behavior  could  be  observed  at  different 
output  rates. 

4.  The  data  should  be  uncontaminated  by  the  influ¬ 
ence  of  factors  extraneous  to  the  cost/output  relationship. 
In  reality,  the  best  source  of  information  for  analysis 


would  be  the  records  of  organizations  over  successive  time 
periods  during  which  their  capacity  remained  constant 

(10i28). 

This  study  will  use  the  regression  analysis  method 
to  determine  the  appropriate  average  cost  relationships 
because  it  gives  the  best  estimates  of  the  functional  rela¬ 
tionships  that  exist  between  output  and  costs  based  on  a  set 
of  empirical  observations.  Also,  the  availability  of  stand¬ 
ard  computer  programs  will  minimize  the  human  effort  that 
would  otherwise  be  involved. 

Additionally,  the  regression  analysis  method  will  be 
used  because  it  provides  some  valuable  information.  First 
of  all,  the  regression  equations  will  show  the  explicit 
relationships  between  average  cost  and  pilot  output. 
According  to  Wilson  and  Darr  (I7i91)  an  explicit  model  has 
the  following  advantages i 

1.  The  user  is  able  to  formulate  and  quantitatively 
account  for  complex  relationships  that  exist  between  vari¬ 
ables. 

2.  The  user  is  able  to  measure  the  separate  quanti¬ 
tative  effects  of  each  independent  variable  on  the  dependent 
variable . 

3.  The  user  can  test  the  validity  of  the  relation¬ 
ship  to  determine  which  independent  variables  are  signifi¬ 
cant. 


4.  The  user  can  derive  different  measures  of  prob¬ 
able  error. 

Secondly,  the  regression  analysis  will  show  how  good  the 
regression  equation  is  by  providing  statistics  of  reliabil¬ 
ity.  In  other  words,  how  much  of  the  variation  in  average 
cost  is  explained  by  the  variation  in  output. 

Source  of  Data 

This  thesis  required  data  which  related  pilot  out¬ 
put  with  their  associated  costs.  In  other  words,  a  series 
of  cost/output  observations  were  required  for  the  different 
bases  engaged  in  pilot  production  over  a  specific  time 
period  and  for  the  individual  bases  over  a  number  of  time 
periods.  The  time  period  chosen  for  cross-section  analysis 
was  the  fiscal  year  (PY)  because  both  the  cost  and  output 
data  were  accumulated  and  reported  over  this  period.  For 
the  time-series  analysis,  data  was  accumulated  for  PY  68 
through  PY  79.  All  data  was  obtained  at  Headquarters  Air 
Training  Command  (ATC)  located  at  Randolph  Air  Force  Base, 
Texas.  The  data  on  pilot  training  costs  was  obtained 
through  records  maintained  by  the  Cost  and  Management  Analy¬ 
sis  Directorate,  and  the  data  on  pilot  output  production  was 
obtained  through  records  maintained  in  the  Directorate  of 
Operations  Plans.  Because  pilot  production  figures  are 
straightforward  and  not  subject  to  different  interpreta¬ 
tions,  they  require  no  further  explanation.  However,  the 
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cost  figures  are  subject  to  different  interpretations  and 
measurement  problems  and  therefore  require  an  explanation  of 
the  relevant  costs  involved  and  accumulation  procedures 
used. 

Relevant  Costs 

The  relevant  costs  for  this  study  can  be  broken  down 
into  five  major  elements i  flying,  direct,  indirect,  student, 
and  command  support. 

Elements  included  in  flying  costs  are  depot  mainte¬ 
nance,  replenishment  spares,  aviation  fuel,  and  flight 
clothing.  The  depot  maintenance,  replenishment  spares,  and 
aviation  fuel  costs  are  determined  by  an  allocation  proce¬ 
dure  based  on  factors  assigned  by  Air  Force  Headquarters. 
This  results  in  a  standard  cost  for  these  resources  through¬ 
out  ATC  and  the  Air  Force. 

Direct  costs  include  the  operating  costs  of  units 
and  activities  directly  involved  in  the  conduct  of  the 
training  program.  Normally,  the  training  group  and  direct 
support  activities  such  as  the  weather  detachment  and  air 
traffic  control  communications  are  included  in  this  element. 
This  element  is  further  broken  down  into  military  pay, 
civilian  pay,  purchased  services,  materials  and  other  opera¬ 
tion  and  maintenance  costs  such  as  utilities,  staff  TDY, 
communications,  etc. 


Indirect  costs  include  the  operating  costs  of  all 
other  base  units  and  activities  engaged  in  indirect  support 
of  the  training  program.  Normally,  this  is  the  cost  of  all 
other  base  activities  not  included  in  direct  cost  except 
where  the  base  also  supports  a  non-training  mission.  In  the 
instance  of  multi-missions,  the  cost  of  support  activities 
is  allocated  to  the  missions  on  the  basis  of  relative  magni¬ 
tude.  Once  again  the  indirect  costs  are  broken  down  into 
military  pay,  civilian  pay,  purchased  services,  materials, 
and  other  operation  and  maintenance  costs. 

Student  costs  include  student  pay  and  allowances  and 
expenses  incurred  for  temporary  duty  assignments.  The  pay 
and  allowances  are  computed  using  the  modal  grade  of  the 
students  located  at  a  base  as  shown  in  the  Formal  Training 
Course  Cost  Report  and  the  application  of  a  standard  mili¬ 
tary  pay  factor. 

Command  support  costs  include  an  allocation  to  each 
base  of  a  proportionate  share  of  the  operating  cost  of  Head¬ 
quarters  ATC  and  the  support  of  the  headquarters  by  Randolph 
APS . 

System  Used  to  Accumulate  Costs 

The  accumulation  and  breakdown  of  these  relevant 
costs  is  an  involved  process.  The  Cost  and  Management 
Analysis  Directorate  (CMAD)  at  Headquarters  ATC  receives  the 
raw  cost  figures  and  operational  statistics  from  two  main 
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sources.  One  source  is  the  Accounting  System  for  Operations 
which  accumulates  costs  based  on  Operating  Budget  Account 
Numbers  (OBAN).  The  OBAN  breaks  the  costs  down  by  base, 
program  element,  cost  center,  and  military  and  civilian  pay. 
The  other  major  source  is  individual  reports  submitted  by 
each  base  directly  to  CMAD.  These  reports  include  the  costs 
associated  with  the  tenant  units  located  at  a  particular 
base  plus  other  information  such  as  flying  hours,  student 
load,  attrition  rates,  assigned  personnel,  etc.  The  CMAD 
analyzes  this  data  and  breaks  the  costs  down  for  each  base 
into  either  training  or  non-training  related.  The  training 
costs  are  then  directly  assigned  to  the  various  training 
courses  conducted  at  a  certain  base  if  possible.  If  direct 
assignment  is  impossible,  the  costs  are  allocated  among  the 
various  courses  according  to  the  most  appropriate  method 
available.  At  this  point,  the  costs  and  operational  statis¬ 
tics  are  computerized  and  put  into  the  Formal  Training  Cost 
Reports  program  (RCSi  HAF-ACM(AR)71Q8).  This  program  pro¬ 
duces  several  output  products,  one  of  which  (AF  Form  611) 
breaks  the  training  costs  down  by  base  and  training  phase 
(preflight,  T-37,  T-38).  Within  each  phase,  the  costs  are 
broken  down  into  flying,  direct,  indirect,  student,  and 
command  support,  and  reported  on  a  dollars  per  student  week 
basis.  This  report  was  the  major  source  of  cost  figures 
used  in  this  study. 
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Determination  of  Training  Costs 

The  total  costs  per  fiscal  year  per  base  were  com¬ 
puted  by  summing  the  total  costs  per  student  week  for  each 
phase  and  multiplying  this  figure  by  the  student  weeks  of 
training  involved  in  that  phase.  The  total  cost  figures  for 
each  phase  were  then  added  to  obtain  the  total  costs  for  a 
particular  base  for  a  fiscal  year  (FY).  This  procedure  was 
accomplished  for  all  bases  involved  in  pilot  production  from 
FY  68  through  FY  79.  The  resultant  total  costs  along  with 
the  number  of  graduate  pilots  produced  for  each  base  are 
listed  in  Appendix  A.  Data  for  years  prior  to  FY  68  was  not 
accumulated  due  to  a  scarcity  of  reliable  cost  figures  and 
the  numerous  changes  in  the  cost  accounting  procedures  which 
would  have  made  a  meaningful  study  improbable.  In  fact,  the 
data  collected  for  FY  68  through  FY  79  must  be  grouped  and 
adjusted  in  order  to  remove  the  influence  of  technological 
and  factor  input  price  changes.  Certain  observations  from 
the  grouped  data  will  need  to  be  excluded  for  the  same  rea¬ 
sons.  By  removing  these  influences,  the  collected  data  will 
closely  approach  the  ideal  conditions  for  cost/output  obser¬ 
vations  previously  mentioned  and  enhance  the  results  of  the 
regression  analysis. 

Computer  Methodology 

Since  the  regression  technique  will  be  used  to  ana¬ 
lyze  the  relationship  of  average  cost  to  graduate  pilots 
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produced,  it  is  important  to  review  the  statistical  assump¬ 
tions  associated  with  this  technique.  The  statistical 
assumptions  specified  by  Wilson  and  Darr  (l?t93,  10?)  appli¬ 
cable  to  this  study  are  the  following j 

1.  Average  cost  is  linearly  dependent  on  pilot 

output. 

2.  For  each  value  of  graduate  pilot  output  there  is 
a  normal  probability  distribution  of  average  cost  values. 

3.  The  mean  value  of  average  cost  for  each  value  of 
graduate  pilots  falls  on  the  regression  line. 

4.  Individual  values  of  average  cost  may  lie  above 
or  below  the  regression  line  by  some  amount  called  the  error 
term.  These  error  terms  are  normally  distributed  independ¬ 
ent  random  variables. 

5.  The  variances  of  the  average  cost  distributions 
for  each  value  of  output  are  equal. 

6.  The  number  of  data  points  is  greater  than  the 
number  of  variables. 

This  study  will  apply  a  regression  program  for  both 
a  cross-section  and  time-series  analysis  of  the  empirical 
observations.  The  cross-section  program  will  be  applied  to 
the  average  cost/graduate  pilot  observations  for  all  bases 
during  a  particular  year  for  each  year  of  the  study.  The 
time-series  program  will  be  applied  to  the  average  cost/ 
graduate  pilot  observations  for  each  base  over  the  number  of 
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years  studied.  It  will  also  be  applied  to  the  aggregate 
average  cost/total  graduate  pilot  observations  for  each  year 
over  the  study's  inclusive  years. 

The  Statistical  Package  for  the  Social  Sciences 
(SPSS)  multiple  regression  subprogram,  titled  "REGRESSION", 
is  the  computer  program  selected  for  this  analysis.  This 
program  was  chosen  because  it  provides  for  considerable  con¬ 
trol  over  the  inclusion  of  independent  variables  in  the 
equation,  and  because  the  variable  transformation  features 
allow  for  a  regression  analysis  on  functional  forms  other 
than  a  plain  linear  relationship.  Also,  the  stepwise  inclu¬ 
sion  feature  enables  the  development  of  a  regression  equa¬ 
tion  that  yields  predictions  with  a  minimum  number  of  inde¬ 
pendent  variables. 


Summary 

This  chapter  initially  discussed  three  methods  an 
organization  can  use  to  determine  its  long  run  cost  rela¬ 
tionships  t  survivor,  engineering,  and  regression.  The 
regression  method  was  chosen  for  this  study  because  it  will 
give  the  best  estimates  of  the  functional  relationships  that 
exist  between  average  cost  and  the  number  of  graduate  pilots 
produced. 

The  next  section  discussed  the  type  of  data  required 
for  this  study  and  where  it  was  obtained.  The  data  on 
training  costs  and  number  of  graduate  pilots  produced  was 
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obtained  from  Headquarters  Air  Training  Command.  The  rele¬ 
vant  costs  involved  in  the  training  of  a  pilot  were  grouped 
into  five  major  areas i  flying,  direct,  indirect,  student, 
and  command  support.  This  study  obtained  its  cost  data 
based  on  these  five  groups  from  the  AF  Form  611  computer 
product  from  the  Formal  Training  Cost  Reports  computer  pro¬ 
gram. 

The  third  section  explained  the  method  used  to 
determine  the  total  training  costs  for  each  base  for  each 
fiscal  year.  The  total  training  costs  were  only  determined 
for  FY  68  through  FY  79  because  reliable  cost  data  was 
either  scarce  or  not  available  prior  to  FY  68.  To  improve 
the  cost  data  for  a  meaningful  regression  analysis,  the  data 
will  have  to  be  grouped,  adjusted  and  some  observations 
exc luded. 

The  final  section  discussed  the  computer  methodology 
that  will  be  used  to  analyze  the  data.  The  SPSS  program  for 
multiple  regression  will  be  used  to  determine  the  functional 
relationship  between  average  cost  and  graduate  pilots  pro¬ 
duced.  The  program  selected  will  be  applied  to  both  the 
cross-sectional  and  time-series  data. 

The  next  chapter  will  discuss  the  data  and  computer 
analysis  as  well  as  present  the  results  of  both  the  cross- 
sectional  and  time -series  analyses.  The  final  section  will 
compare  the  results  with  the  study's  two  hypotheses. 


CHAPTER  IV 


ANALYSIS  AND  RESULTS 

This  chapter  analyzes  the  collected  data  and  pre¬ 
sents  the  results  of  the  analysis.  The  regression  analysis 
section  presents  the  specific  models  that  were  evaluated  and 
the  methods  used  to  check  for  the  goodness  of  fit  and  level 
of  significance  for  each  model.  Following  the  analysis  sec¬ 
tion,  the  specific  results  of  the  regression  analysis  on 
both  the  cross-sectional  and  time-series  observations  are 
presented  and  discussed.  The  results  are  then  compared  to 
the  study's  two  hypotheses i 

1.  Economies  of  scale  exist  in  the  undergraduate 
pilot  training  environment. 

2.  The  consolidation  of  pilot  training  operations 
results  in  decreased  unit  costs  for  the  output  produced. 

Data  Analysis 


Grouping  of  Data 

During  the  period  chosen  for  study,  the  pilot  train¬ 
ing  operation  underwent  several  program  changes  which 
altered  the  number  of  aircraft  flying  hours  that  each  stu¬ 
dent  received.  Thus,  the  total  costs  to  train  a  pilot  were 
influenced  by  the  number  of  flying  hours  in  the  training 


program.  From  FY  68  through  FY  ?0,  the  program  included  240 
hours  of  flying  which  included  thirty  T-41  hours,  ninety 
T-3?  hours,  and  120  T-38  hours.  During  FY  71  and  FY  72,  the 
combined  T-37  and  T-38  flying  hours  were  reduced  from  210  to 
192.5  hours.  Starting  in  FY  73,  the  combined  T-37  and  T-38 
flying  hours  were  increased  back  to  the  FY  70  level  of  210 
hours,  and  the  T-41  training  program  was  removed  from  the 
individual  bases  and  centralized  at  a  civilian  field  in  San 
Antonio,  Texas.  The  training  program  remained  at  the  210 
flying  hour  level  until  the  Instrument  Flight  Simulator 
( IFS )  became  operational  in  1977.  The  program  then  changed 
to  175*4  hours  combined  T-37  and  T-38  flying  time  plus  66.3 
hours  in  the  IFS.  The  combined  total  amounted  to  241.7 
hours.  This  new  program  was  operationalized  at  one  base  in 
FY  77,  two  more  bases  in  FY  78,  and  one  base  in  FY  79.  By 
the  end  of  FY  79,  Columbus  AFB  was  the  only  base  not  under 
the  IFS  training  program. 

To  examine  the  study's  two  hypotheses,  it  was  neces¬ 
sary  to  group  the  data  in  order  to  remove  the  changes  in  the 
average  cost  of  a  pilot  caused  by  the  influences  of  differ¬ 
ent  flying  hour  programs.  The  training  programs  were 
divided  into  the  four  groups  shown  in  Table  1  based  upon  the 
number  of  flying  hours  each  student  received.  The  training 
programs  for  groups  I  and  III  are  similar.  The  only  differ¬ 
ence  between  the  two  is  that  the  group  I  training  program 
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TABLE  1 


TRAINING 

PROGRAM 

GROUPS 

Group 

FYs 

Flying  Hours 

I 

68-70 

240 

II 

71,  72 

192.5 

III 

73-79 

210 

IV 

77-79 

174.5  (IFS  bases  only) 

includes  the  T-41  phase  and  the  group  III  training  program 
does  not.  Excluding  the  T-41  phase  from  group  I  will  make 
it  the  same  as  group  III.  The  dissimilarity  between  groups 

II  and  IV  and  the  other  groups  makes  their  adjustment  impos¬ 
sible.  Therefore,  this  study  will  concentrate  on  the  indi¬ 
vidual  bases  and  fiscal  years  included  in  the  groups  I  and 

III  training  programs.  By  doing  this,  29  percent  of  the 
data  points  were  excluded  from  the  analysis.  Groups  I  and 
III  are  broken  down  as  shown  in  Table  2. 

Adjustments 

There  are  two  adjustments  necessary  to  the  selected 
groups  to  prepare  the  cost  figures  for  application  of  the 
regression  technique. 

First,  the  cost  figures  need  to  be  adjusted  for  the 
rising  cost  of  factor  inputs  due  to  inflation.  The  ideal 
way  to  account  for  these  rising  costs  would  be  to  apply  a 


TABLE  2 


BASES  AND  FISCAL  YEARS  INCLUDED  IN  GROUPS  I  AND  III 


Base 

Group  I  (FYs) 

Group  III  (FYs) 

Columbus 

Not  Open 

73-79 

Craig 

68-70 

73-77 

Laredo 

68-70 

73 

Laugh 1 in 

68-70 

73-78 

Moody 

68-70 

73-75 

Randolph 

68-70 

Closed  in  FY  72 

Reese 

68-70 

73-76 

Vance 

68-70 

73-77 

Webb 

68-70 

73-76 

Williams 

68-70 

73-77 

price  deflator  to  each  factor  input  such  as  fuel,  civilian 
pay,  spare  parts,  etc.,  at  each  base.  This  would  allow  the 
costs  associated  with  each  base  over  the  number  of  years 
studied  to  be  compared  on  an  equal  basis.  Such  an  adjust¬ 
ment  would  remove  the  differences  in  the  cost  figures  due  to 
a  base’s  geographical  location  and  the  varying  rates  of  cost 
increases  for  each  input  factor.  However,  due  to  the  accu¬ 
mulation  procedure  used  to  collect  the  training  costs,  this 
type  of  adjustment  could  not  be  made.  To  account  for  the 
changes  in  input  factor  prices  an  overall  price  deflator  was 
applied  to  the  total  cost  figures.  The  price  deflator 


chosen  was  taken  from  the  1980  Economic  Report  of  the 
President  and  dealt  with  the  federal  government's  purchase 
of  goods  and  services.  Table  3  lists  the  price  deflator  for 
each  year  using  1972  as  the  base  year. 


TABLE  3  (29*20? ) 
PRICE  DEFLATORS 


Fiscal  Year 

Adjustment  Factor 

68 

.764 

69 

.800 

70 

.864 

73 

1.058 

74 

1.159 

75 

1.275 

76 

1.346 

77 

1.436 

78 

1.548 

79 

I.676 

Secondly,  the  cost  figures  associated  with  the  group 
I  training  program  were  adjusted  to  exclude  the  T-41  phase 
of  training.  Because  the  cost  figures  associated  with  this 
group  were  not  broken  down  into  the  different  training 
phases  (preflight,  T-41,  T-37,  T-38)  an  estimate  had  to  be 
made  of  the  percentage  of  total  costs  attributable  to  the 
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T-41  phase.  An  estimate  of  this  percentage  was  computed 
using  FY  73  cost  data  as  a  basis.  FY  73  was  chosen  because 
the  training  program  was  the  same  and  because  the  total 
training  costs  included  the  T-41  phase.  Also,  the  total 
costs  were  broken  down  by  phase  which  made  it  possible  to 
determine  the  percentage  of  total  costs  caused  by  T-41 
training.  Table  4  presents  a  summary  of  the  costs  and  per¬ 
centages  by  base. 


TABLE  4 


T-41  TRAINING  COSTS  AS  A  PERCENT  OF  TOTAL  FOR  FY  73 


Base 

Total  Cost 

T-41  Cost 

Percent 

Columbus 

41,601,433 

1,567,796 

3.8 

Craig 

35.495.194 

1,107,226 

3.1 

Laughlin 

38,191,111 

1,467,517 

3.8 

Reese 

40,307,168 

1,521,159 

3-8 

Vance 

31,929,441 

1,449,863 

4.5 

Williams 

46,210,64 6 

1,656,989 

3.6 

Laredo 

40,745,706 

1,397,018 

3.4 

Moody 

40,488,844 

1,353,156 

3.3 

Webb 

37,089,163 

1,408,664 

3.8 

In  FY  73.  the  T-41 

training  costs 

averaged  3 .68 

percent  of 

the  total  cost.  The  3.68  percent  adjustment  factor  was 
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applied  to  the  total  costs  for  each  base  involved  with  the 
group  I  training  program. 


Exclusions 

An  additional  action  taken  to  minimize  the  influ¬ 
ences  of  program  and  factor  input  price  changes  was  to 
exclude  the  Vance  AFB  observations  from  the  cross-sectional 
analysis  and  some  of  the  Webb  AFB  observations  from  both  the 
cross-sectional  and  time-series  analysis. 

The  average  cost/graduate  pilot  observations  from 
Vance  AFB  were  excluded  because  Vance  depends  on  contractual 
arrangements  for  completion  of  many  of  the  base’s  normal 
operating  functions  such  as  aircraft  maintenance  and  civil 
engineering.  This  results  in  different  input  factor  prices 
and  productivities  when  compared  to  the  other  pilot  training 
bases  that  depend  on  military  personnel  to  perform  the  same 
functions. 

The  data  from  Webb  AF3  from  FY  74  through  FY  76  was 
excluded  from  the  cross-sectional  analysis  because  of  its 
erratic  behavior.  Also,  the  observation  from  FY  74  was 
excluded  from  the  time-series  analysis  because  of  its  large 
deviation  when  compared  to  the  other  observations.  The 
exact  reasons  for  this  erratic  behavior  could  not  be  found, 
but  it  was  probably  caused  by  Webb's  phasing  in  and  out  of 
special  training  programs  such  as  fixed  wing  qualification 
training,  security  assistance  training,  and  pilot  instructor 
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training  for  the  Vietnamese  Air  Force.  This  phasing  in  and 
out  of  special  training  programs  probably  resulted  in  enor¬ 
mous  problems  in  deciding  the  proper  procedures  for  alloca¬ 
tion  of  training  costs.  This  erratic  behavior  made  these 
few  observations  unreliable,  and  therefore  they  were 
excluded  from  the  analysis  to  prevent  distorted  results. 

The  grouping  and  adjustment  of  the  data  and  exclu¬ 
sion  of  some  of  the  observations  minimizes  the  influence  of 
program  and  input  factor  price  changes  as  much  as  possible 
with  the  information  available.  This  should  result  in  a 
more  meaningful  comparison  of  average  costs  for  pilot  pro¬ 
duction  between  the  various  bases  over  the  years  studied.  A 
summary  of  the  adjusted  costs,  graduate  pilots,  and  average 
cost  per  graduate  pilot  by  base  for  each  fiscal  year  is 
included  in  Appendix  B. 

Regression  Analysis 

This  section  discusses  the  regression  technique  used 
to  analyze  the  empirical  cost/output  observations  selected 
for  study.  Also,  the  functional  models  tested  to  explain 
the  relationship  between  average  cost  and  graduate  pilots 
produced  will  be  presented.  Lastly,  the  statistic  used  to 
test  the  model  for  significance  and  the  methods  used  to  test 
the  model  for  the  goodness  of  fit  to  the  empirical  observa¬ 
tions  will  be  reviewed. 
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Mode  Is 


Four  specific  relationships  between  average  cost  and 
graduate  pilot  production  were  selected  for  evaluation  by 
the  regression  technique. 

The  first  model  tested  was  a  straight  linear  rela¬ 
tionship, 


GOST  =  A  ♦  B (GRADS )  (3) 

where  COST  is  average  cost,  GRADS  is  graduate  pilots,  A  is 
the  constant,  and  B  is  the  coefficient  relating  GRADS  to 
COST. 

The  second  model  tested  was  a  quadratic  relationship 
between  average  cost  and  graduate  pilots, 

COST  *  A  +  B (GRADS)  +  C (GRADSSQ  )  (4) 

where  COST,  GRADS,  A,  and  B  are  interpreted  as  in  the  first 
model.  GRADSSQ  is  the  number  of  graduate  pilots  squared, 
and  C  is  the  coefficient  of  GRADSSQ.  In  this  model,  the 
independent  variables  were  entered  into  the  equation  in  a 
stepwise  manner.  In  other  words,  the  computer  program  chose 
the  independent  variable  which  had  the  greatest  effect  on 
average  cost  and  entered  it  into  the  equation  first.  The 
computer  program  then  took  the  independent  variable  which 
had  the  next  greatest  effect  on  average  cost  and  entered  it 
into  the  equation  second.  If  the  addition  of  the  second 


variable  explained  less  than  one-tenth  percent  of  the  varia¬ 
tion  in  COST,  the  computer  program  would  not  include  the 
second  variable  in  the  final  expression.  By  doing  this,  the 
computer  yielded  an  equation  which  predicted  with  a  minimum 
number  of  variables. 

The  third  model  tested  was  a  logarithmic  relation¬ 
ship, 

COST  =  *  B(CRADSi7  (}) 

where  COST,  GRADS,  A  and  B  are  the  same  as  before »  (e)  is 
approximately  equal  to  2,?18t  and  the  term,  A  +  B (GRADS ) ,  is 
the  exponent  of  (e). 

The  final  model  tested  checked  for  a  power  relation¬ 
ship  between  average  cost  and  graduate  pilots, 

COST  =  A (GRADS)3  (6) 

where  COST  and  GRADS  are  interpreted  as  before,  A  is  the 
coefficient  of  GRADS  and  B  the  exponent.  A  logarithmic 
transformation  was  made  on  this  relationship  to  put  it  into 
a  form  suitable  for  computer  analysis, 

Ln(COST)  =  Ln(A)  +  B  Ln (GRADS )  (7) 

where  GRADS,  A,  and  B  are  interpreted  as  before.  Ln(GRADS) 
and  Ln(COST)  represent  the  natural  logarithms  of  graduate 
pilots  and  average  cost  respectively. 
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Statistics  Used 


The  adjusted  coefficient  of  determination  is  used  to 
determine  which  model  provides  the  best  fitting  relationship 
between  average  cost  and  graduate  pilots  on  each  set  of 
data,  and  the  F-test  is  used  to  check  the  overall  level  of 
significance  of  the  regression  equation. 

In  the  multiple  regression  technique,  the  coeffi¬ 
cient  of  determination  measures  the  strength  of  association 
between  a  dependent  and  one  or  more  independent  variables. 

It  simply  measures  the  ratio  of  variation  in  the  dependent 
variable  explained  by  the  regression  equation  to  the  total 
variation  in  the  dependent  variable.  This  study  uses  the 
adjusted  coefficient  of  determination  because  it  is  a  better 
estimator  of  the  percent  variation  in  the  dependent  variable 
explained  by  the  independent  variables.  The  adjusted  coef¬ 
ficient  of  determination  is  the  coefficient  of  determination 
adjusted  for  the  number  of  independent  variables  in  the 
equation  and  the  number  of  observations  involved.  This 
makes  it  a  better  predictor  of  the  variation  in  average 
costs  caused  by  the  variation  in  the  independent  variables 
(GP.Ar)3  and  GRADSSQ).  Therefore,  the  model  that  explains  the 
most  variation  in  average  cost  based  on  graduate  pilots  pro¬ 
duced  has  the  largest  value  for  the  adjusted  coefficient  of 
determination. 
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The  F-test  is  used  to  determine  the  overall  signifi¬ 
cance  of  the  regression  equation  to  the  observed  data.  Like 
the  adjusted  R-squared  statistic,  the  F-test  considers  the 
number  of  independent  variables  in  the  equation  and  the  num¬ 
ber  of  observations  involved.  The  computer  determines  an 
overall  F-test  value  for  the  regression  equation  along  with 
its  associated  significance  level  for  each  model  tested. 

The  model  that  has  the  largest  F-test  value  and  lowest  sig¬ 
nificance  level  is  the  best  model  for  explaining  the  rela¬ 
tionship  between  average  cost  and  the  number  of  graduate 
pilots  produced. 


Results 

This  section  of  the  chapter  presents  and  describes 
the  results  of  the  analysis  for  the  four  regression  models 
evaluated.  The  results  of  the  cross-sectional  analysis  for 
f  the  fiscal  years  under  study  will  be  presented  first  fol¬ 

lowed  by  the  results  of  the  time-series  analysis  on  each 
base  and  pilot  training  in  the  aggregate.  The  final  section 
discusses  these  results  in  comparison  to  the  study’s  two 
hypotheses. 

Cross-Sectional  Analysis 

The  cross-section  analysis  used  the  regression  tech¬ 
nique  on  cross-sectional  data  to  determine  the  long  run 
average  cost  relationship  for  each  fiscal  year  under  study. 
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The  results  of  the  four  models  tested  (linear,  quadradic, 
logarithmic,  and  power)  to  determine  the  best  fitting  model 
for  the  average  cost/graduate  pilot  observations  are  listed 
in  Table  5*  The  adjusted  coefficient  of  determination 
(aR  ),  F-test  value  (F),  and  level  of  significance  (<*)  are 
presented  for  each  model  for  each  fiscal  year  studied.  In 
the  case  of  a  regression  equation,  the  level  of  significance 
(«)  is  the  probability  of  rejecting  the  null  hypothesis  that 
there  is  no  significant  relationship  between  the  independent 
variables  and  the  dependent  variable  when  in  fact  the  null 
hypothesis  is  true.  Therefore,  the  lower  the  value  for  (a), 
the  greater  will  be  the  weight  of  evidence  favoring  the 
alternative  hypothesis  that  there  is  a  significant  relation¬ 
ship  between  the  independent  and  dependent  variables.  An  a 
of  .00  in  Table  5  and  the  remaining  tables  of  this  analysis 
indicate  a  significance  level  of  less  than  .01. 

A  cross-sectional  analysis  was  not  made  for  FY  78 
because  of  the  shortage  of  compatible  observations  due  to 
different  training  programs  at  the  different  bases.  In  FY 
78  there  were  five  bases  producing  undergraduate  pilots j  two 
of  the  bases  were  in  the  group  III  training  program  and 
three  of  the  bases  were  in  the  group  IV  training  program 
(see  Table  1). 

Also,  the  FY  79  cross-sectional  analysis  includes 
only  those  bases  involved  in  the  group  IV  training  program 
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TABLE  5 


CROSS-SECTICNAL  RESULTS  FOR  EACH  FISCAL  YEAR 


FY 

Linear 

Quad rad ic 

Logarithmic 

Power 

aR2 

F 

a 

aR2 

F 

a 

aR2 

F 

a 

aR2 

F 

a 

68 

.92 

81. 

,17 

.00 

.99 

1 

534.76 

.00 

.93 

90.63 

.00  I 

1 

.98 

328.74 

.00 

69 

.87 

48. 

,25 

.00 

1.89 

29.28 

.00 

.87 

48.16 

.00  ! 

j 

.89 

56.98 

.00 

70 

.06 

1. 

,47 

.27 

.54 

5.06 

.  06 

.08 

1.60 

•  25  | 

.03 

1.25 

.31 

73 

.55 

9. 

,59 

.02 

.61 

6.46 

.04 

.60 

11.64 

.01 

.64 

13.54 

.01 

74 

.82 

23. 

,22 

.01 

.92 

28.86 

.01 

.80 

20.54 

.01 

.84 

27.03 

.01 

75 

.64 

9. 

,73 

.04 

.65 

5.70 

.10 

.66 

10.57 

.03 

.68 

11.78 

.03 

76 

.31 

2. 

,82 

.19 

.23 

1.60 

•  39 

.29 

2.64 

.20 

.34 

3.01 

.18 

77 

0 

,12 

.76 

0 

.14 

.75 

0 

.12 

.76 

0 

.11 

.77 

79 

.83 

15- 

-31 

.06 

— 

— 

— 

.80 

13-21 

.07 

.82 

14.27 

.06 

because  four  out  of  the  five  bases  producing  undergraduate 
pilots  were  in  the  group  IV  category. 

The  model  with  the  largest  adjusted  coefficient  of 
2 

determination  (aR  )  and  F-test  (F)  value  is  the  model  which 
best  fits  the  data  observations.  Using  the  aR  value  and  F 
statistic,  the  four  models  can  be  rank  ordered  according  to 
their  goodness  of  fit  for  each  fiscal  year.  The  number  of 
times  each  model  provided  the  ’'BEST"  to  the  "WORST"  fitting 
relationship  is  shown  in  Table  6.  Fiscal  year  1977  was 
excluded  from  this  table  because  the  aR2  value  and  F  statis¬ 
tic  indicated  that  none  of  the  models  tested  explained  the 
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relationship  between  average  cost  and  the  number  of  graduate 
pilots  produced. 


TABLE  6 


RANK 

ORDERING  OF 
FOR  EIGHT 

FOUR  MODELS  FOR 
CROSS-SECTIONAL 

GOODNESS  OF 
ANALYSES 

FIT 

si  1 

Goodness 

Of  Fit 

moae  x 

BEST 

2d  BEST 

3rd  BEST 

WORST 

Linear 

1 

1 

4 

2 

Quad radio 

3 

1 

1 

3 

Logarithmic 

0 

3 

3 

2 

Power 

4 

3 

0 

1 

Table  6  shows  that  the  power  model  provides  the  best 
fitting  relationship  between  average  cost  and  graduate  pilots 
produced  on  four  occasions  and  the  second  best  fitting  rela¬ 
tionship  on  three  occasions.  In  other  words,  the  power 
model  provides  either  the  best  fitting  or  second  best  fitting 
relationship  in  87.5  percent  of  the  cross-sectional  analyses. 
For  this  reason,  the  power  model  was  chosen  as  the  best 
indicator  of  the  functional  relationship  between  average 
cost  and  graduate  pilots  produced  for  the  cross-sectional 
data  considered.  As  a  review,  the  general  form  of  the  model 
is 

COST  =  A (GRADS)0  (8) 
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where  COST  is  average  cost  per  graduate,  GRADS  is  the  number 
of  graduate  pilots  produced,  A  is  a  coefficient,  and  B  is  an 
exponent.  Table  ?  presents  a  summary  of  the  coefficients 
(A),  exponents  (B),  and  values  for  aR  ,  F,  and  <*  for  the 
power  function  associated  with  each  fiscal  year  of  cross- 
sectional  data. 


TABLE  7 

SUMMARY  OF  THE  POWER  MODEL  FOR  EACH  FY 
OF  CROSS-SECTIONAL  DATA 


FY 

Coefficient 

A 

Exponent 

B 

aR2 

F 

a 

68 

2,634,002 

-.5505 

.98 

328.74 

.00 

69 

1,455.577 

-.4471 

.89 

56.98 

.00 

70 

315,256 

-.2135 

.03 

1.25 

.31 

73 

3.499,382 

-.6037 

.64 

13.54 

.01 

74 

6.361.215 

-.6633 

.84 

27.03 

.01 

75 

1,374,005 

-.3965 

.68 

11.78 

.03 

76 

2,813,669 

-.5309 

.34 

3.01 

.18 

79 

540,364 

-.2532 

.82 

14.27 

.06 

.  2 

In  addition  to  the  aR  and  F  values,  the  signifi¬ 
cance  level  (a)  is  an  indicator  of  the  confidence  that  can 
be  placed  in  the  predictive  ability  of  a  regression  model. 
The  smaller  the  level  of  significance  for  a  model,  the  more 
confidence  can  be  placed  in  that  model.  For  example,  if  one 


model  has  an  a  of  .01  and  another  model  has  an  a  of  .05, 
more  confidence  can  be  placed  in  the  predictive  ability  of 
the  model  with  the  a  of  .01.  In  statistical  analysis,  two 
levels  of  significance  commonly  used  to  express  confidence 
in  a  statistical  result  are  «  equal  to  .05  or  a  equal  to 
.10,  that  is  a  95  percent  or  90  percent  confidence  level. 
Using  these  two  levels  of  significance.  Table  7  indicates 
that  the  power  model  had  a  significance  level  of  .05  or 
better  in  five  out  of  the  eight  years  or  62.5  percent  of  the 
time,  and  a  significance  level  of  .10  or  better  in  six  out 
of  the  eight  years  or  75  percent  of  the  time. 

In  FY  76  and  FY  70  the  power  model  had  a  signifi¬ 
cance  level  greater  than  .10.  Although  the  model  exceeded 
this  significance  level  in  FY  76,  it  was  still  the  best  fit¬ 
ting  model  of  the  four  tested.  Fiscal  year  1970  was  the  one 
year  out  of  the  eight  cross-sectional  analyses  where  the 
power  model  did  not  provide  either  the  best  or  second  best 
fitting  relationship  to  the  data. 

Another  important  observation  from  Table  7  is  that 
the  exponent  (B)  of  the  power  function  has  a  negative  value 
for  each  fiscal  year.  This  indicates  that  in  all  cases 
there  is  an  inverse  relationship  between  average  cost  and 
graduate  pilots  produced.  To  further  illustrate  this  point. 
Figures  8,  9 ,  and  10  are  graphical  representations  of  the 
functional  relationships  for  each  cross-sectional  analysis. 


nalysis 


As  the  figures  indicate,  there  is  a  definite  inverse  rela¬ 
tionship  between  average  cost  per  graduate  pilot  and  the 
number  of  graduate  pilots  produced. 

Time-Series  Analysis 

The  time-series  analysis  used  the  regression  tech¬ 
nique  on  time-series  average  cost/graduate  pilot  observa¬ 
tions  from  each  training  base  in  the  group  I  and  group  III 
training  programs  over  the  years  studied.  The  regression 
technique  was  also  applied  to  the  time-series  aggregate 
average  cost/graduate  pilot  observations.  The  four  models 
(linear,  quadradic,  logarithmic,  and  power)  used  in  the 
cross-sectional  analysis  were  evaluated  to  determine  the 
best  fitting  relationship  for  each  set  of  time-series  obser¬ 
vations.  The  results  from  the  individual  base  analyses  are 
presented  first  followed  by  the  results  from  the  aggregate 
analysis. 

Individual  Bases.  Table  8  presents  the  results  of 

the  regression  program  for  each  base.  Like  the  cross- 

,  2 

sectional  results,  the  values  for  aR  ,  F,  and  «  are  listed 

for  each  model  for  each  base,  A  time-series  analysis  was 
not  made  on  Randolph  or  Laredo  AFB  because  both  bases  lacked 
a  sufficient  number  of  cost/output  observations  to  obtain 
meaningful  results.  Laredo  had  a  total  of  four  observations 
and  Randolph  had  a  total  of  three  observations. 
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The  results  in  Table  8  indicate  that  each  base  has 
at  least  one  model  which  provides  a  good  fitting  relation¬ 
ship.  The  only  exception  is  Columbus  AFB.  In  Columbus' 

2 

case,  the  aR  values  of  zero  indicate  that  none  of  the  vari¬ 
ation  in  average  cost  is  explained  by  graduate  pilots  pro¬ 
duced.  Table  8  also  shows  that  the  quadradic  model  does  not 
provide  a  relationship  between  average  cost  and  graduate 
pilots  produced  for  Craig,  Reese,  or  rfebb  AFB.  This  was  due 
to  the  stepwise  inclusion  process  of  the  computer  program. 
The  GRADSSQ  term  was  not  included  in  me  final  equation 
because  the  proportion  of  variance  in  CC2T  explained  by  the 
GRADSSQ  variable  was  less  than  one-tenth  percent.  This 
resulted  in  a  simple  linear  relationship  between  graduate 
pilots  and  average  cost. 

2 

The  model  with  the  largest  values  for  aR  and  F  is 

the  model  that  provides  the  best  functional  relationship 

between  average  costs  and  graduate  pilots  produced  for  each 

2 

base.  Using  the  values  for  aR  and  the  F-test,  the  models 
can  be  rank  ordered  according  to  their  goodness  of  fit  for 
each  base.  The  number  of  times  each  model  provides  the 
"BEST"  to  the  "WORST"  fitting  relationship  is  shown  in  Table 

9. 

Since  none  of  the  models  determined  a  functional 
relationship  for  Columbus  AFB,  Table  9  applies  to  seven 
instead  of  eight  time-series  analyses.  As  indicated  in 
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TABLE  9 

RANK  ORDERING  OF  FOUR  MODELS  FOR  GOODNESS  OF  FIT 
FOR  SEVEN  TIME-SERIES  ANALYSES 


Goodness 

of  Pit 

nouei 

Best 

2d  Best 

3rd  Best 

Worst 

Linear 

0 

0 

5 

2 

Quad radio 

1 

2 

1 

3 

Logarithmic 

3 

3 

1 

0 

Power 

3 

2 

0 

2 

Table  9,  the  logarithmic  model  provides  either  the  best  or 
second  best  functional  relationship  between  average  cost  and 
graduate  pilots  produced  in  six  out  of  the  seven  analyses  or 
86  percent  of  the  time.  Also,  the  power  model  provides 
either  the  best  or  second  best  functional  relationship  in 
five  out  of  seven  analyses  or  71  percent  of  time.  However, 
the  power  model  provides  the  second  best  fitting  relation¬ 
ship  only  29  percent  of  the  time  compared  to  the  logarithmic 
models  43  percent.  Additionally,  the  power  model  provides 
the  worst  fitting  relationship  29  percent  of  time  compared 
to  the  logarithmic  models  zero  percent.  For  these  reasons, 
the  logarithmic  model  was  chosen  as  the  best  indicator  of 
the  functional  relationship  between  average  cost  and  gradu¬ 
ate  pilots  produced  for  the  time-series  data  considered. 
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The  logarithmic  model  evaluated  was 

COST  =  +  b(grAE>;>17  (9) 

where  COST  represented  the  average  cost,  GRADS  represented 
the  number  of  graduate  pilots  produced,  A  was  the  constant, 
B  was  the  coefficient  of  GRADS,  and  (e)  was  approximately 
equal  to  2.718.  Table  10  presents  a  summary  of  the  con¬ 
stants  (A)  and  coefficients  (B).  It  also  presents  the 
2  , 

values  for  aR  ,  F,  and  a  for  the  logarithmic  model  for  each 
base's  time-series  analysis. 


TABLE  10 

SUMMARY  OF  THE  LOGARITHMIC  MODEL  FOR 
EACH  BASE'S  TIME-SERIES  DATA 


Base 

Constant 

A 

Coefficient 

B 

aR2 

▲ 

a 

Craig 

12.55 

-.00326 

.  80 

29.46 

.  00 

Laughlin 

12.16 

-.00158 

.65 

15.94 

.01 

Moody 

12.94 

-.00381 

.99 

513.77 

.00 

Reese 

12.69 

-.00295 

.95 

125.90 

.  00 

Vance 

12.51 

-.00279 

.85 

39-57 

.00 

Webb 

12.00 

-.00136 

.70 

12.89 

.  02 

Williams 

12.71 

-.00266 

.94 

109.77 

.00 

The  results  in  Table  10  show  that  the  logarithmic 
2 

model  has  an  aR  value  of  greater  than  .80  for  five  out  of 
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the  seven  bases.  Webb  and  Laughlin  are  the  only  two  bases 

with  aR2  values  less  than  .80.  In  Webb's  case  (.?0),  the 

2 

logarithmic  model  still  provides  the  highest  aR  value,  and 

in  Laughlin's  case  (.65),  the  logarithmic  model  provides  the 

2 

second  highest  aR  value. 

Another  result  shows  that  the  significance  level  (a) 
is  less  than  .05  or  the  model  is  statistically  significant 
at  the  95  percent  confidence  level  for  all  seven  time-series 
analyses.  In  fact,  a  is  less  than  or  equal  to  .01;  i.e., 
the  regression  model  is  statistically  significant  at  the  99 
percent  level  for  six  out  of  seven  bases. 

Another  important  observation  from  Table  10  is  that 
the  value  of  the  model's  coefficient  (B)  is  negative  for 
each  set  of  the  time-series  data.  This  indicates  that  as 
the  number  of  graduate  pilots  increase,  the  value  for  the 
exponent,  A  +  B (GRADS),  will  get  smaller  and  thus  average 
cost  (COST)  will  decrease.  Figures  11  and  12  further  illus¬ 
trate  this  point.  Although  the  average  costs  per  graduate 
for  a  particular  output  differ  between  bases,  all  bases 
exhibit  this  inverse  relationship  between  average  costs  and 
graduate  pilots  produced. 

Aggregate  Analysis.  The  aggregate  analysis  used  the 
average  cost/graduaxe  pilot  observations  for  each  year  based 
on  total  training  costs  and  total  number  of  graduate  pilots 
produced.  Only  those  bases  included  in  the  group  I  and 
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group  III  training  programs  (see  Table  2)  through  FY  76  were 
considered  in  the  analysis.  This  was  done  to  prevent  the 
influence  of  technological  changes  due  to  the  incorporation 
of  the  Instrument  Flight  Simulator  (IFS)  training  program. 
The  results  of  the  regression  analysis  using  the  four  models 
are  shown  in  Table  11. 


TABLE  11 


AGGREGATE 

TIME- 

-SERIES  RESULTS 

Model 

aR2 

F 

a 

Linear 

.95 

110.62 

.  00 

Quadradic 

.94 

48.72 

.  00 

Logarithmic 

.95 

116.26 

.  00 

Power 

.91 

64.45 

.00 

2 

The  results  in  Table  11  show  that  all  models  have  an  aR 
greater  than  .90  and  all  models  are  significant  at  less  than 
the  .01  level.  The  results  also  show  that  there  is  very 
little  difference  between  the  goodness  of  fit  for  the  linear 
and  logarithmic  models.  Because  the  logarithmic  model  has 
the  highest  F  value  which  makes  it  statistically  more  sig¬ 
nificant,  it  is  the  one  that  best  explains  the  variation  in 
average  costs  due  to  graduate  pilots  produced.  The  specific 
form  of  the  model  as  a  result  of  the  regression  analysis  is 


COST  =  e 


(12.39  -  .000265  GRADS) 


(10) 


This  equation  indicates  that  as  the  number  of  graduate 
pilots  (GRADS)  increase,  the  exponent  of  (e)  becomes  smaller 
and  thus  average  cost  (COST)  decreases.  Figure  13  is  the 
graphical  representation  of  equation  (10)  and  further  illus¬ 
trates  this  inverse  relationship  between  graduate  pilots  and 
average  cost. 

Comparison  of  Results  to  Hypotheses 

The  first  hypothesis  stated  that  economies  of  scale 
exist  in  undergraduate  pilot  training.  The  results  of  the 
cross-sectional  and  time-series  analyses  clearly  indicate 
that  this  is  a  true  statement. 

In  the  cross-sectional  analysis,  the  regression  pro¬ 
cedure  resulted  in  the  selection  of  the  power  model  as  the 
model  which  best  represented  the  long  run  average  cost  curve 
for  each  fiscal  year  studied.  For  each  fiscal  year,  the 
power  model  indicated  that  there  was  an  inverse  relationship 
between  average  cost  and  graduate  pilots  produced.  In  other 
words,  as  the  number  of  graduate  pilots  produced  increased 
the  average  cost  per  graduate  pilot  decreased.  This  veri¬ 
fied  the  existence  of  economies  of  scale  in  the  years 
studied. 

In  the  time-series  analysis,  the  regression  proce¬ 
dure  resulted  in  the  selection  of  the  logarithmic  model  as 
the  model  best  representing  the  long  run  average  cost  curve 
for  each  pilot  training  base  and  for  the  aggregate  of  all 
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training  bases.  In  all  cases,  the  logarithmic  model  indi¬ 
cated  an  inverse  relationship  between  average  cost  and  num¬ 
ber  of  graduate  pilots  produced.  As  in  the  cross-sectional 
analysis,  this  meant  that  as  the  number  of  graduate  pilots 
increased,  the  average  cost  per  graduate  decreased.  This 
verified  the  existence  of  economies  of  scale  at  each  train¬ 
ing  base  as  well  as  for  all  training  bases  in  the  aggregate. 

The  second  hypothesis  stated  that  the  consolidation 
of  pilot  training  operations  results  in  decreased  unit  costs 
for  the  output  produced.  The  results  of  this  study  cannot 
directly  confirm  or  deny  this  statement.  However,  the 
results  do  imply  such  a  relationship. 

As  previously  discussed,  the  time-series  regression 
analysis  for  each  base  and  for  the  aggregate  of  all  bases 
verified  that  an  inverse  relationship  existed  between  aver¬ 
age  costs  and  the  number  of  graduate  pilots  produced.  Since 
the  average  cost  per  graduate  would  decrease  at  each  base  as 
the  number  of  graduate  pilots  produced  increases,  the  impli¬ 
cation  can  be  drawn  that  by  consolidating  bases  and  thus 
producing  more  pilots  with  fewer  bases  the  average  costs 
would  be  reduced. 

Thus,  the  results  of  this  study  verify  that  econo¬ 
mies  of  scale  exist  in  undergraduate  pilot  production,  and 
imply  that  the  consolidation  of  pilot  training  operations 
results  in  decreased  unit  costs. 


Summary 


This  chapter  was  divided  into  two  major  sections. 

The  first  section  analyzed  the  data  and  discussed  the  analy¬ 
sis  procedure.  The  second  section  presented  the  results  of 
the  analysis  and  compared  them  to  the  study's  two  hypothe¬ 
ses. 

In  the  first  section,  before  a  meaningful  study 
could  be  made,  the  data  was  grouped,  adjusted  and  some 
observations  excluded  to  remove  the  changes  in  training  cost 
caused  by  program  and  factor  input  price  changes.  To  remove 
these  influences,  only  those  bases  that  had  similar  flying 
programs  between  FY  68  and  FY  79  were  included  in  the  study. 
This  study  did  not  consider  data  prior  to  FY  68  due  to  its 
scarcity  and  unreliability.  There  were  two  adjustments  made 
to  the  data i  the  one  removed  the  training  costs  for  the  T-41 
phase  between  FY  68  and  FY  70  in  order  to  get  a  broader  data 
base,  and  the  other  adjusted  for  the  increases  in  factor 
input  prices.  The  Vance  AFB  observations  and  the  Webb  AFB 
observations  from  FY  74  to  FY  76  were  excluded  from  the 
cross-sectional  analysis  to  prevent  distorted  results. 

Also,  the  Webb  AFB  observation  from  FY  ?4  was  excluded  from 
the  time-series  analysis  for  the  same  reason. 

The  second  part  of  the  analysis  section  discussed 
the  regression  analysis  procedure.  Four  models  (linear, 
quadradic,  logarithmic,  and  power)  were  evaluated  to 
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determine  which  model  best  explained  the  relationship 
between  average  cost  and  the  number  of  graduate  pilots  pro¬ 
duced.  The  two  values  used  to  determine  which  model  best 
fit  the  empirical  observations  were  the  adjusted  coefficient 
of  determination  and  the  F-test.  The  level  of  significance 
was  used  to  determine  how  much  confidence  could  be  placed  in 
the  predictive  ability  of  the  models. 

In  the  second  section,  the  results  of  the  computer 
analysis  on  both  the  cross-sectional  and  time-series  data 
were  presented.  The  cross-sectional  analysis  resulted  in 
the  selection  of  the  power  model  as  the  one  which  best  fit 
the  cross-sectional  data.  For  each  set  of  cross-sectional 
data,  the  power  model  indicated  that  an  inverse  relationship 
existed  between  average  cost  and  the  number  of  graduate 
pilots  produced.  The  time-series  analysis  resulted  in  the 
selection  of  the  logarithmic  model  for  both  the  data  associ¬ 
ated  with  the  individual  bases  and  the  aggregate  of  all 
bases.  In  all  cases,  the  logarithmic  model  also  indicated 
that  an  inverse  relationship  existed  between  average  costs 
and  the  number  of  graduate  pilots  produced. 

The  final  portion  of  the  results  section  compared 
the  study’s  two  hypotheses  to  the  results  of  the  computer 
analysis.  The  results  confirmed  the  existence  of  economies 
of  scale  in  undergraduate  pilot  production  due  to  the 
decreasing  long  run  average  cost  curves  exhibited  in  both 
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the  cross-sectional  and  time-series  analyses.  The  decreas¬ 
ing  long  run  average  cost  curves  from  the  time-series  analy¬ 
sis  also  implied  that  the  consolidation  of  pilot  training 
operations  results  in  decreased  unit  costs  for  a  specific 
quantity  of  pilot  production. 

The  final  chapter  will  summarize  the  entire  study 
and  present  the  conclusions  reached  through  the  analysis. 
Recommendations  for  further  study  will  also  be  made. 


CHAPTER  V 


SUMMARY.  CONCLUSIONS,  AND  RECOMMENDATIONS 

Summary 

This  study  was  undertaken  to  investigate  the  DOD's 
rationale  for  closing  installations  and/or  deactivating 
units  in  order  to  reduce  costs  and  conserve  resources.  The 
rationale  of  the  DOD's  actions  is  based  on  the  principle  of 
economies  of  scale  without  considering  the  possibility  of 
diseconomies  of  scale.  The  research  question  to  be  answered 
was  whether  economies  or  diseconomies  existed  in  a  DOD  pro¬ 
duction  operation.  In  order  to  answer  this  question,  the 
study  concentrated  on  the  production  of  undergraduate  pilots 
within  the  Air  Force  because  pilot  training  was  an  example 
of  a  production  operation  within  the  DOD.  The  two  hypothe¬ 
ses  examined  were  (1)  economies  of  scale  exist  in  the  pro¬ 
duction  of  undergraduate  pilots,  and  (2)  the  consolidation 
of  pilot  training  operations  results  in  decreased  unit  costs 
for  the  output  produced. 

Initially,  the  theory  behind  the  economic  principles 
of  economies  and  diseconomies  of  scale  were  discussed. 
Economies  of  scale  are  the  result  of  increased  specializa¬ 
tion  and  division  of  labor  and  improved  technology.  Dis¬ 
economies  of  scale  are  caused  by  the  limitations  on 
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managerial  ability  and  information  flow.  The  next  area  dis¬ 
cussed  how  an  organization  could  determine  whether  it  was 
experiencing  economies  or  diseconomies  of  scale.  The  two 
approaches  presented  for  determining  this  were  through  an 
analysis  of  either  an  organization's  production  function  or 
cost  relationships.  The  production  analysis  approach  used 
the  production  function  which  related  the  input  factors  to 
the  output  produced.  The  cost  analysis  approach  used  the 
cost/output  observations  to  determine  the  long  run  average 
cost  curve.  Once  the  long  run  average  cost  curve  was  deter¬ 
mined,  an  organization  could  tell  whether  it  was  producing 
its  output  in  the  range  of  economies  or  diseconomies. 

Because  the  cost  analysis  approach  was  recommended  for 
organizations  that  had  their  production  level  determined 
externally,  it  was  the  approach  chosen  to  examine  pilot  pro¬ 
duction.  This  approach  was  also  chosen  because  the  neces¬ 
sary  cost/output  data  was  obtainable. 

Following  the  selection  of  the  cost  analysis 
approach,  the  survivor,  engineering,  and  regression  methods 
for  determining  an  organization's  long  run  average  cost 
curve  were  presented.  For  this  study,  the  regression  method 
was  chosen  because  it  gave  the  best  estimate  of  the  func¬ 
tional  relationship  that  existed  between  average  cost  and 
output. 
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The  necessary  cost  and  output  data  was  obtained  from 
historical  records  maintained  at  Headquarters  Air  Training 
Command.  The  total  training  costs  and  number  of  graduate 
pilots  were  accumulated  by  base  for  FY  68  through  FY  79. 

Data  for  the  years  prior  to  FY  68  was  not  considered  due  to 
its  scarcity  and  unreliability.  This  data  was  grouped  into 
four  different  categories  based  on  the  number  of  flying 
hours  involved  in  the  training  program.  The  study  concen¬ 
trated  on  two  of  these  groups  because  of  their  similarity. 
These  two  groups  were  then  adjusted  for  the  effects  of 
inflation  and  the  effects  of  slight  differences  in  training 
programs.  The  grouping  and  adjustment  of  the  data  minimized 
the  effects  of  program  and  factor  input  price  changes  and 
thus  enhanced  the  raeaningfulness  of  the  study.  The  analysis 
excluded  certain  cost/output  observations  for  the  same 
reason. 

A  multiple  regression  program  was  applied  to  both 
cross-sectional  and  time-series  cost/output  observations. 

The  same  program  was  applied  to  both  types  of  data,  and  it 
evaluated  four  functional  models  to  determine  which  model 
best  fit  the  empirical  observations.  The  four  models  evalu¬ 
ated  were  the  linear,  quadradic,  logarithmic,  and  power. 

The  results  of  the  cross-sectional  analysis  indi¬ 
cated  that  the  power  model  provided  the  best  or  second  best 
fitting  relationship  in  seven  out  of  eight  cases  or  87.5 
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percent  of  the  time.  Using  the  power  model  as  the  indicator 
of  the  functional  relationship,  the  results  revealed  that  an 
inverse  relationship  existed  between  average  cost  and  the 
number  of  graduate  pilots  produced  in  all  cases. 

The  time-series  analysis  evaluated  the  same  four 
models  as  in  the  cross-sectional  analysis  but  used  time- 
series  instead  of  cross-sectional  data.  A  time-series  anal¬ 
ysis  was  conducted  on  each  pilot  training  base  and  the 
aggregate  of  all  training  bases.  The  results  of  the  analy¬ 
sis  on  each  base  revealed  that  the  logarithmic  model  pro¬ 
vided  the  best  or  second  best  fitting  functional  relation¬ 
ship  in  six  out  of  seven  cases  or  86  percent  of  the  time. 

The  logarithmic  model  also  provided  the  best  fitting 
relationship  for  the  aggregate  of  all  bases.  Using  the 
logarithmic  model  as  the  best  indicator  of  the  functional 
relationship,  the  results  showed  that  an  inverse  relation¬ 
ship  existed  between  average  cost  and  the  number  of  graduate 
pilots  produced  in  all  cases. 

Conclusions 

The  following  conclusions  are  based  on  the  analysis 
and  results  of  this  study. 

When  evaluating  cross-sectional  data  to  determine 
the  long  run  average  cost  curve  for  undergraduate  pilot 
training,  the  power  model  is  a  reasonable  predictor  of  the 
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functional  relationship  between  average  cost  and  the  number 
of  graduate  pilots  produced. 

When  evaluating  the  time -series  data  for  a  particu¬ 
lar  pilot  training  base,  the  logarithmic  model  is  a  reason¬ 
able  predictor  of  the  functional  relationship  between  aver¬ 
age  cost  and  the  number  of  graduate  pilots  produced.  The 
logarithmic  model  is  also  a  reasonable  predictor  of  this 
functional  relationship  when  evaluating  time-series  data  for 
the  aggregate  of  all  training  bases. 

Over  the  years  considered,  undergraduate  pilot  pro¬ 
duction  was  operating  in  the  range  where  economies  of  scale 
existed  on  both  the  level  of  the  individual  training  base 
and  the  aggregate  of  all  training  bases.  In  conjunction 
with  this,  none  of  the  individual  bases  or  the  aggregate  of 
all  bases  had  reached  the  point  in  production  where  disecon¬ 
omies  had  taken  effect. 

Because  the  industry  was  operating  in  the  range  of 
scale  economies,  the  combining  of  operational  units  and/or 
closing  of  the  pilot  training  bases  resulted  in  a  lower 
average  cost  per  graduate  pilot. 

The  time-series  analysis  produced  a  different  long 
run  average  cost  curve  for  each  base,  and  the  cross- 
sectional  analysis  produced  a  different  long  run  average 
cost  curve  for  each  year.  These  differences  resulted  in 
varying  rates  of  economies  between  bases  and  between  years. 
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They  also  resulted  in  different  average  costs  for  a  specific 
production  level  between  bases  and  between  years. 


Recommendations 

The  following  recommendations  are  based  on  the 
results  and  conclusions  drawn  from  this  study. 

This  study  adjusted  the  training  costs  for  factor 
input  price  changes  by  using  a  common  price  deflator  for  the 
purchase  of  government  goods  and  services.  To  improve  the 
accuracy  of  the  resultant  long  run  average  cost  curves,  cost 
accumulation  procedures  should  be  changed  to  reflect  the 
training  costs  associated  with  each  input  factor.  The 
resultant  costs  could  then  be  accurately  adjusted  for 
changes  in  input  factor  prices. 

In  addition  to  the  above  recommendation,  variables 
such  as  regional  wage  rates  and  fuel  costs  should  be  added 
to  the  cross-sectional  models  to  account  for  impacts  on  the 
average  costs  other  than  graduate  pilots.  This  should  also 
increase  the  accuracy  of  the  predicted  long  run  average  cost 
curves. 

Since  all  training  bases  displayed  different  long 
run  average  cost  curves,  the  Air  Training  Command  should 
make  an  attempt  to  accurately  predict  each  base's  curve.  If 
this  is  accomplished,  the  curves  should  be  used  as  an  input 
to  the  decision  process  involving  a  base  closure. 
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APPENDIX  A 

SUMMARY  OP  UPT  TRAINING  COSTS  AND  GRADUATES 
BY  BASE  PY  68  THROUGH  PY  79 
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PY  68  PY  69  FY  70 


FY  71  PY  72  PY  73 


APPENDIX  B 


AVERAGE  COST  PER  GRADUATE  BY  BASE  PY  68  THROUGH 
FY  70,  PY  73  THROUGH  PY  79 


Base 

Costs  (72$) 

T-41  Adj 

Grad 

Cost/Grad 

FY  68 

Craig 

$  38,089,762 

$  36,627,115 

380 

$  96,387 

Laredo 

36,026,048 

34,642,648 

338 

102,493 

Laughlin 

43,657.675 

41,981,221 

412 

101,896 

Moody 

38,774.5 65 

37.285.622 

384 

97,098 

Randolph 

21,563.160 

20,735.134 

96 

215.991 

Reese 

42,074,450 

40,458,791 

414 

97,727 

Vance 

35,568,077 

34,202,263 

420 

81,434 

Webb 

39,626,669 

38,105,005 

404 

94,319 

Williams 

44,338,938 

42,636,323 

455 

93.706 

TOTALS 

$339,730,000 

$326,680,000 

3303 

$98,904 

re  69 

Craig 

$  37,287.781 

$  35.855,930 

334 

$107,353 

Laredo 

38,137,040 

36,672,578 

361 

101,586 

Laughlin 

42,011,914 

40,398,656 

430 

93,950 

Moody 

39.257,098 

37.749,625 

330 

114,393 

Randolph 

31,177,724 

29,980,499 

240 

124,919 

Reese 

42,545,786 

40,912,028 

440 

92,982 

Vance 

37.963,556 

36,505,756 

457 

79.881 

Webb 

42,93^.369 

41,285,689 

418 

98,770 

Williams 

47,399,270 

45,579,138 

469 

97,184 

TOTALS 

$358,710,000 

$344,940,000 

3479 

$99,149 
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Base 

Costs  (72$) 

T-41  Adj 

Grad 

Cost/Grad 

FY  70 

Craig 

$  33.593.031 

$  32,303.059 

376 

$85,912 

Laredo 

39.471.598 

37,955,885 

431 

88,065 

Laughlin 

40,017,027 

38,480.373 

411 

93.626 

Moody 

37,409,799 

35,973,262 

417 

86,267 

Randolph 

32,115.972 

30,882,719 

379 

81,485 

Reese 

40,122,788 

38,582,073 

419 

92,081 

Vance 

35.723,874 

34,352,07 7 

500 

68,704 

Webb 

39.093.297 

37.592.115 

425 

88,452 

Williams 

44,420,627 

42,714,875 

544 

78,520 

TOTALS 

$341,970,000 

$328,840,000 

3902 

$84,274 

FJL-Z1 

Columbus 

$  37,838,976 

316 

$119,744 

Craig 

32,502,805 

319 

101,890 

Laredo 

37,191.577 

347 

107,180 

Laughlin 

34,710,391 

379 

91,584 

Moody 

36,990,253 

379 

97,600 

Reese 

36,659,744 

385 

95.220 

Vance 

28,808,675 

328 

87,831 

Webb 

33.724,479 

348 

96,909 

Williams 

42,111,207 

493 

85,418 

TOTALS 

$320,540,000 

3294 

$97,310 
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Base 

Costs  (72$) 

Grad 

Cost/Grad 

Columbus 

FY  74 

$  45,650,544 

3  26 

$140,032 

Craig 

38,339,365 

197 

194,616 

Laughlin 

43,181,696 

320 

134,943 

Moody 

41,488,407 

261 

158,959 

Reese 

40,485,456 

317 

127.714 

Vance 

41,780,882 

297 

140,676 

Webb 

61.139,515 

226 

270,529 

Williams 

49.442,855 

353 

140,065 

+  TOTALS 

$300,370,000 

2071 

$145,040 

Columbus 

ZL21 

$  41,832,093 

296 

$141,325 

Craig 

37,745,10 7 

264 

142,974 

Laughlin 

41,326,274 

279 

148,123 

Moody 

39,772,850 

254 

156,586 

Reese 

40,275,413 

294 

121,127 

Webb 

26,400,112 

179 

147,487 

Williams 

48,472,384 

360 

134,646 

TOTALS 

$311,440,000 

2183 

$142,660 

+  Does  not 

include  data  from  Webb 

AFB. 

94 


Base  Costs  (72$)  Grad  Cost/Grad 


FY  76 


Columbus 

$  39.376,944 

229 

$171,952 

Craig 

34,123,105 

207 

164,846 

Laugh lin 

32,890,183 

261 

126,016 

Reese 

38,293.897 

256 

149,586 

Vance 

33.602,441 

250 

134,410 

Webb 

19,139,354 

165 

115,996 

Williams 

44,601,254 

328 

135.979 

TOTALS 

$242,030,000 

1696 

$142,710 

FY  77 

Columbus 

$  36,718,671 

238 

$154,280 

Craig 

25,707,777 

188 

136,743 

Laughlin 

22,864,473 

152 

150,424 

Reese 

40,079,217 

262 

152,974 

Vance 

33,878,900 

240 

141,162 

Williams 

41,036,111 

295 

139,105 

TOTALS 

$200,290,000 

1375 

$145,670 

*  Indicates  bases  using  IPS  training  program. 
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Base 

Costs  (72$) 

Grad 

Cost/Grad 

Columbus 

PY  78 

$  23,164,440 

187 

$123,874 

Laughlin 

20,053.348 

153 

131,068 

*  Reese 

38,654,605 

272 

142,113 

*  Vance 

34,615,649 

233 

148,565 

*  Williams 

39,828,142 

290 

137,338 

TOTALS 

$156,320,000 

1135 

$137,730 

Columbus 

FY  79 

$  23,422,123 

148 

$158,258 

*  Laughlin 

22,449,905 

146 

153,766 

*  Reese 

36,292,485 

278 

130,549 

*  Vance 

34,684,217 

276 

125,667 

*  Williams 

38,201,418 

284 

134,512 

TOTALS 

$155,050,000 

1132 

$136,970 

*  Indicates  bases  using  IPS  training  program. 
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